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A STUDY ON THE GASTROINTESTINAL HORMONES AND THE GASTRIC ACID

SECRETION DURING PHYSICAL STRESS IN MAN

SUMMARY

In the present thesis we have studied the effect of pro-
longed physical stress and absolute fasting on the blood
levels of gastrointestinal peptides and the secretion of
gastric acid. Especial attention has been paid to peptide
levels that influence, or are influenced by, the secretion
of gastric acid (gastrin, secretin, pepsinogens I), or that
probably have metabolic function (vasoactive intestinal
polvpeptide, pancreatic polypeptide). The hyperchlorhydria
was not caused by the gastrin hormone, but the hyper-
secretion of gastric acid could account for approximately
fifty per cent of the hypersecretinemia found during the
stress. High plasma levels of secretin were also found
during a 4-5 day period of absolute fasting. The high
plasma levels of vasoactive intestinal polypeptide (VIP)
were not influenced by the gastric acid secretion. Instead,
the results indicated that VIP is "a peptide of substrate
need". The high fasting serum levels of human pancreatic
polypeptide were modified by nutrient ingestion both during
physical stress and absolute fasting.

1 GENERAL INTRODUCTION

1.1 Definition of stress

More than thirty years have elapsed since the well known expert on

stress, Dr Hans Selye, introduced his "adaptation syndrome" (1), and

considered stress as the reaction of the organism to maintain internal

homeostatic balance when exposed to changes. According to his defini-

tion, the stress reaction is specific in its manifestation independant

of the quality of the causing factors, the stressors. Stress has

obviously its good points as well as bad ones, and a life without

stress would be a colourless existence. How we react to stressors is

highly individually and linked to our personality and previous

experiences. The key issue in the definition of stress by Selye is

how we adapt to the new situation. The difference in perception of

stressors between different individuals has really made it difficult
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to evaluate the effects of causing stress factors. The lack of quan-

titative methods used to assess stressors has for a long time pre-

vented any analysis of their importance in epidemiological studies.

1.2 Stress and gastric disease

Some situations are undoubtedly so threatening and so unpleasant that

a few persons would adapt to them completely. Results of investiga-

tions from such stressful events have shown that stressors can break

down mental and physical health. Experiences from war times show

that soldiers in combat often react with anxiety, depression, lack of

sleep, nightmares and anorexia. Furthermore, wartime experience shows

an increased pr-evalence of hypertension in soldiers exposed to life-

threatening situations (2), and it is presumed that environmental

stress factors may contribute to the development of the illness of

essential hypertension (3), a major health problem in the modern

society. In addition, there are reports on increased incidence of

peptic ulcer in man during wartime (4), and gastric stress ulceration

has been a major cause of morbidity and mortality in soldiers during

combat (5).

Peptic ulcer has been regarded a psychosomatic disease, a disease

caused by the modern society. Cooper (6) has reported that psycho-

somatic reasons account for about 18 per cent cf the peptic ulcers,

while a study in identical twins (7) suggests that environmental fac-

tors and hereditary factors each contributes approximately 50 per cent

to the development of ulcer disease. However, the number of stressful

life events in healthy man (8), and in chronic gastric ulcer patients

(9, 10) as well as in chronic duodenal ulcer patients prior to the

first symptoms of ulcer (11), are similar. Furthermore, there is no

difference in the quantified scores for changes or suffering caused by

the events (10, 11). These negative findings indicate the importance

of obtaining a description of the personality of the ulcer patient,

his defence mechanisms and other personal characteristics. Reports

claim that the duodenal ulcer patient is more tensed (12), anxious

(13), neurotic (13), depressed (14) and selfsufficient (15) than

healthy man. Perhaps this could explain why the peptic ulcer patient
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is said to be more sensitive to stressors (16, 17), and that he

experiences stressful life events more frequently than non-ulcer sub-

jects (15, 18). Most investigators seem to agree that peptic ulcer

disease is a heterogenous group of disorders where the psychosocial

factors must be accounted for in their pathogenesis.

1.3 The object of the investigation

The present thesis was undertaken to investigate what influence physi-

cal stressors exert on the secretion of gastric acid and on the blood

levels of gastrointestinal peptides that probably have control func-

tion in the digestive process. Since peptic ulcer disease in many ways

has been linked to an increase in the gastric acid, we decided to

measure peptide levels that are known to regulate the gastric acid

secretion (gastrin), and that are influenced by the amount of gastric

acid produced (secretin, group I pepsinogens). Our subjects were in

caloric deficit, and we also found it of interest to measure the blood

levels of gastrointestinal peptides that have possible metabolic

influence (vasoactive intestinal polypeptide and human pancreatic

polypeptide).

Two experimental models were used. In one model, well-trained,

healthy men (between 20 and 30 years of age) were exposed to a 4-5 day

period of heavy physical exercise (approximately 35 per cent of their

maximal oxygen uptake), combined to calorie supply deficiency (intake

of approximately 6300 kJ/24 h against a combustion of about

36000-43000 kJ/24 h) and severe sleep deprivation (about 2-4 h of sleep

during four to five days as a total).

In the other model, healthy subjects (ranging from 20 to 40 years of

age) were exposed to a 4-5 day period of absolute fasting while per-

forming their daily work at a research laboratory.

More specifically the present work was carried out to:

a) evaluate the effect of combined prolonged physical exercise,
severe calorie deficiency, and excessive sleep deprivation on the
basal and the nutrient-stimulated blood levels of gastrin, human

=,AM
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pancreatic polypeptide (hPP), secretin, vasoactive intestinal
polypeptide (VIP), and group I pepsinogens (PGI) (I, II, III, V)

1) the effect of additional calories (II, III, V)
2) the effect of additional sleep and rest (II, III, V)

b) evaluate the influence of pure calorie deficiency on the fasting
and the nutrient-stimulated blood levels of these peptides (VI,
VII)

c) investigate how these physical stressors influence the unstimu-
lated and the stimulated gastric acid secretion (IV, VIII)

d) investigate how the blood levels of gastrin, secretin and VIP are
influenced by the gastric acid produced during such a stress
period (IV)

e) measure the effect of physical stress on the pure vagal stimula-
tion of gastric secretion and gastrointestinal peptide levels
(VIII)

The results are presented in eight separate publications:

Paper I hPP and gastrin response to a liquid meal and oral glucose
during prolonged severe exercise, caloric deficit, and
sleep deprivation.
O Oektedalen, 0 Flaten, P K Opstad & J Myren, Scand J
Gastroenterol 17, pp 619-624, 1982.

Paper II Secretin - a new stress hormone?
O Oektedalen, P K Opstad and 0 B Schaffalitzky de Mucka-
dell, Regulatory Peptides 4, pp 213-219, 1982.

Paper III Plasma concentration of vasoactive intestinal polypeptide
during physical exercise, calorie supply deficiency, and
sleep deprivation.
o 0ktedalen, P K Opstad, J Fahrenkrug and F Fonnum, Scand
J Gastroenterol 18, pp 1057-1062, 1983.

Paper IV Basal hyperchlorhydria and its relation to the plasma con-
centrations of secretin, vasoactive intestinal polypeptide
(VIP) and gastrin during prolonged strain.
0 Oektedalen, P K Opstad, 0 B Schaffalitzky de Muckadell,

0 Fausa and 0 Flaten, Regulatory Peptides 5, pp 235-244,
1983.

Paper V The effect of prolonged strain on serum levels of him.an
pancreatic polypeptide (hPP) and group I pepsinogens
(PSI).
o 0ktedalen, P K Opstad, R Jorde and H Waldum, Scand J
Gastroenterol 18, pp 663-668, 1983.
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Paper VI The fasting levels and the postprandial response of gastro-
entero-pancreatic hormones before and after prolonged
fasting.
O Oktedalen, P K Opstad, H Waldum, R Jorde, Scand J
Gastroenterol 18, pp 555-560, 1983.

Paper VII Responses of vasoactive intestinal polypeptide, secretin
and human pancreatic polypeptide to glucose during
fasting.
O 0ktedalen, P. K Opstad, R Jorde and 0 B Schaffalitzky de
Muckadell, Scand J Gastroenterol 19, pp 59-64, 1984.

Paper VIII The effect of physcial stress on gastric secretion and
pancreatic polypeptide levels in man.
0 0ktedalen, I Guldvog, P K Opstad, A Berstad, D Gedde-
Dahl, R Jorde, Scand J Gastroenterol, in press.
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2 METHODOLOGICAL CONSIDERATIONS

2.1 Experimental models

2.1.1 The training course

The training course is arranged once each year. It is considered an

unique stress model under controlled conditions. However, the possi-

bilities to make investigations and manipulations during the course is

limited, since this is arranged by the Norwegian Military Academy for

their students.

The three main stress factors during the training course are prolonged

heavy physical exercise (estimated to approximately 35% of their maxi-

mal oxygen uptake), high calorie supply deficiency (daily intake of

approximately 6300 kJ against a caloric combustion of 36000-43000 kJ/

24 hrs), and severe sleep deprivation (about 2 hrs of sleep during

4-5 days of training). In addition, there are some psychological

stress factors due to strong military discipline with occasional irra-

tional punishments, and unpleasant environmental factors as wetness,

coldness and darkness.

The calculations of the work load and the daily calorirh consumption

are based upon continuous heart rate registrations during previous

similar training courses (19, 20). It is concluded that the subjectP

are exposed to extremely hard physical exercise. A- calorie expen-

diture of nearly 40 000 kJ/24 hrs over several days has never been

registrated before.

Although the course had the same training program from one year to

another, it can not be excluded that there are small changes in the

work load during the different courses. This mostly because there is

often a shift in the commanding officer and his staff.

The sleep deprivation was obtained because of continuous simulated

combat activities. Also on the basis of continuous heart rate

registration, it was calculated that the average time of sleep was

about 2 hrs during the whole training course (19).



To elucidate further what influence long-term heavy physical exercise,

calorie supply deficiency and severe sleep deprivation separately

exerts on the blood levels of the different peptides, the subjects

were in papers II, III and V divided into three groups. One group

had no compensation for the stress factors, another group was compen-

sated for the calorie deficiency, and a third group was partly compen-

sated for the sleep deprivation. The subjects that were given

additional calorie supply during the course, appeared to be in calorie

balance since they had no weight loss during the course. On the other

hand, the other subjects lost nearly 5 kg of body weight during the

course.

In paper IV and VIII the design of the stress model is in some way

changed. The military tasks are more rational, there are no punish-

ments of the subjects, the physical exercise is especially heavy for

the first three days of the course, and they are allowed 4-7 hours of

sleep as a total during the course. In addition, they are given more

food, but are still in calorie supply deficiency since the subjects

show 2-3 kg reduction in body weight during the course.

2.1.2 The fasting models

In paper VI and VII healthy subjects are exposed to a 4-5 day period

of absolute fasting while performing their daily work at a research

laboratorium. The subjects have free access to water, but are given

nothing else except salt tablets during the experimental periods.

2.2 Biochemical analysis

2.2.1 Gastrin

Gastrin exists in blood in different molecular forms, mainly in the

component III ("little-gastrin" or gastrin-17) and the component II

("big-gastrin" or gastrin-34). There are discrepancies between

laboratories in the concentrations and the response patterns of

gastrin. This is mostly due to the fact that antisera react with the
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different molecular forms of gastrin to varying degrees (21, 22). In

view of the different biological potencies of circulating G-17 and

G-34 on molar base, accurate determination of the component specifi-

city in the gastrin assay is necessary for meaningful information.

In this thesis the gastrin level was measured by two different sen-

sitive radioimmunoassay methods. In one assay, charcoal separation

technique was used and the antibody reacted with the different mole-

cular forms with equimolar potency (23). Normal serum values were

found to range from 10-12 pM (I). In the other gastrin assay (IV,

VIII), double-antibody separation technique was employed and the anti-

body showed 100% reactivity for G-17 while 29% reactivity for 0-34.

Normal plasma levels ranged from 35-39 pM. The fasting blood con-

centration of gastrin was found unchanged during the training course

when measured by both radioimmunoassay methods (I, IV, VIII). This

should imply that none of the two main gastrin components in the

fasting blood were altered during the course. Consequently, the dif-

ference in normal range between the two assay methods could not be due

to various immunopotency of the G-17 and the G-34 components in the

two assays. The difference is rather explained by that the samples

were measured by different radioimmunoassay methodic.

2.2.2 Human pancreatic polypeptide (hPP)

This peptide is considered simple to measure by radioimmunoassay.

There appears to exist no heterogeneity of the peptide in blood, and

the same standard and antibody are employed all over the world. In

this thesis, hPP was measured directly in serum by two different

radioimmunoassays (24, 25), using the same standard (615-1054B-200-8)

and the same antibody (615-1054B-248-19), but where the separation

procedures were different (polyethylene glycol 6000 and double-

antibody, respectively). Different separation technique could be the

reason why normal values measured by one of the assay methods (24)

ranged from 9-32 pM, while with the other assay method (25) ranged

from 5-9 pM (V, VIII). Both assays were highly sensitive (detecting

limit of 6.4 p!1 and 1.5 pM, respectively), and there was no cross-

reactivity for VIP, GIP, insulin, glucagon, motilin, CCK or gastrin

(25).
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2.2.3 Secretin

Radioimmunoassay of secretin in plasma has been difficult to perform

mostly because of interfering plasma factors, and because the fasting

secretin level in plasma appears to be in the low pM range. The two

radioimmunoassay methods (26, 27) employed in this work are highly sen-

sitive. Non-specific interference with the assay system by plasma

factors has been abolished by different procedures. In one of the

radioimmunoassay meti.ods (27) the plasma was acidified, and the incu-

bation was held at pH 4.0 in order to prevent a possible binding of

secretin to plasma proteins. In addition, it appeared necessary to

subtract the "apparent" secretin level in secretin-free plasma from

that measured in the unknown samples. In the other secretin assay

(26), unspecific plasma interference was avoided by ethanol extraction

of the plasma samples, and by using charcoal-treated hormone-free

plasma as blanks. It was especially noticed that this assay method

showed no non-specific interference with glucose (26). In some of our

studies (II, VII) glucose was a stimulating substrate. In both assay

methods the normal fasting level was in the 2-4 pM range (II, VI).

The structure of human secretin is still unknown, and heterogeneity of

secretin in plasma could explain discrepancies of secretin level found

by different groups. Gel-permeation-chromatography studies (28) show

that the antibody employed in the assay method of Schaffalitzky (26)

detects only one component of secretin in human plasma.

The plasma level of secretin during starvation has been the object of

dispute (29, 30, 31, 32). Paper VI contributes to that discussion

since different fasting and postprandial secretin levels in plasma

were measured in one fasting subject when employing two different RIA

methods (26, 27). Differences in level has been proposed to be attri-

buted to non-specific interference by lipolytic products in the assay

system (32). However, that appears not a plausible explanation to the

high secretin levels found in plasma during the training course

(II, IV) or during the fasting experiments (VI, VII) when measured by

the assay method of Schaffalitzky (26). Immunosorption studies in
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plasma obtained during the training course revealed a decrease in

levels from 12.0, 12.5, and 15.8 pM down to 0, 0.3, and 0.4 pM after

immunosorption, respectively.

2.2.4 Vasoactive intestinal polypeptide (VIP)

The radioimmunoassay method of VIP employed in our study is sensitive

enough to measure VIP in plasma under physiological conditions (33).

The problem of non-specific interference by plasma proteins and other

factors has been excluded by extraction of samples with ethanol.

Furthermore, immunosorption studies in plasma obtained from the sub-

jects of the training course showed a decrease in VIP concentrations

from 20.5, 15.0 and 21.0 pM, to 5.5, 3.5 and 0 pM, after immunosorp-

tion, respectively. This appears to exclude a major non-specific

interference in plasma during combined calorie deficiency, prolonged

physical exercise, and sleep deprivation. Similar immunosorption

results have been obtained during prolonged physical exercise

employing the same radioimmunoassay method of VIP (34). It is also

worth to notice that glucose did not interfere the binding of labeled

VIP to the antibody (33). In two of our studies (III, VII) glucose was

a stimulating substrate. It is concluded that VIP in plasma exists in

only one immunoreactive form (35). Fahrenkrug and co-workers have

shown by gel permeation and ion-exchange column chromatography (35)

that VIP in plasma elutes in a position similar to the octacosapeptide

VIP isolated by Said and Mutt from porcine intestine (36).

2.2.5 Group I pepsinogens (PGI) and pepsin

The radioimmunoassay method of PGI is run directly in serum using hor-

mone free serum in the standards (37). The method is considered sen-

sitive with detectior limit (2.6 ng/ml) far beneath the normal level

in serum, and the , I ific serum interference appears negligable.

The pepsin concent gastric juice was measured spectrophoto-

metrically by a well ubu odified haemoglobin substrate method (38).
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2.2.6 Gastric acid measurement

In paper IV the gastric juice was collected in 15 minute samples and

measured for volume and acid concentration. The efficacy of the

aspiration technique was not measured in that study, but studies with

markers in one of the laboratories have shown that the recovery of the

aspiration in an unstimulated period is 84 per cent.

In paper VIII polyethylenglycol (PEG) was used for calculating the

efficiency of the gastric aspiration. Both studies (IV, VIII) showed

a 3-fold increase in the basal acid output after physical stress in

man.
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3 GENERAL DISCUSSION

3.1 Gastrin

Gastrin was the first gastrointestinal hormone sequenced, synthetized

and measured by radioimmunoassay. It is produced in G-cells mainly

localized to the anteropyloric mucosa (39, 40), and has been shown to

be released into the bloodstream as two major components, "big

gastrin" (gastrin-34) and "little gastrin" (gastrin-17) (41). Most

data reveals that this hormone, especially the gastrin-17 component,

is involved in the regulation of the gastri acid secretion (42), but

the role of gastrin in the peptic ulcer disease is still far from

clear. In our studies the gastrin hormone can not be the stimulator

for the basal hyperchlorhydria found during the stress period, since

the gastrin level was unchanged. The data is significant since

gastrin was determined by two radioimmunoassay methods with different

affinity for the two gastrin components (23, paper IV). The fasting

serum level of gastrin in duodenal ulcer patients is not different

from that found in healthy man (43). Furthermore, there are

conflicting reports regarding the relationship between basal serum

level of gastrin and the acid secretion in healthy man, (44, 45), as

well as in duodenal ulcer subjects (44, 45, 46).

The lack of change in fasting blood level of gastrin in our stress

studies was a surprise particularly since the prolonged heavy exercise

activated strongly the adrenergic system (47). These are conditions

previously shown to stimulate the release of gastrin into the blood

stream (48, 49, 50). In duodenal ulcer patients, there is even an

increased sensitivity of gastrin release to adrenaline (51).

A decline in serum level of gastrin during long-lasting absolute

fasting has been found (52), but that could not be confirmed in our

fasting study (VI). A possible explanation for the discrepancy could

be different immunological potencies of the antisera to the gastrin

components in blood. Our gastrin assay (VI) showed for instance only

about 30 per cent cross reactivity to the G-34 component which is the

main molecular form of gastrin in blood in the fasting state (41).
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Even during sham-feeding, a physiological way of vagal activation,

there was no increase in the plasma gastrin level either during the

stress period or in the control experiment (VIII). This accords with

some previous results in healthy man (53, 54, 55). Although the

gastrin level in plasma has been found elevated after sham-feeding in

some duodenal ulcer patients, the rise could account for only a part

of the acid response (56). There is indirect evidence that the vagus

carries both excitatory and inhibitory fibres for the release of

gastrin (57, 58). Our study (VIII) does not provide evidence for a

change in the relationship between these two fibre types during long-

term physical stress.

After giving a meal to the stressed subjects, the postprandial gastrin

levels were higher than in the control condition (I). Also duodenal

ulcer patients show higher postprandial gastrin response than normals

(43), and this has been explained by a defect in the normal feedback

mechanism in the antrum by which acidification inhibits the release of

antral gastrin (59). It is an open question if that is the explana-

tion for the high postprandial gastrin levels found during stress in

our study (I). The prolonged postprandial gastrin rise in our study

(I) could alternatively be caused by a delay in the gastric emptying

(60). On the other hand, the prostprandial gastrin response has not

been found altered after a prolonged period of physical exercise (48)

which is known to decrease the gastric motility (61). The elevated

levels could not be attributed to a higher activation of the adre-

nergic nervous system, which does not influence the gastrin release

after meal stimulation (62, 63).

3.2 Human pancreatic polypeptide

The pancreatic polypeptide was discovered as an impurity of insulin

(64), and was isolated as a linear polypeptide of 36 amino acid resi-

dues (65). It is derived primarily from the pancreas where it is

localized to specific endocrine cell type, the PP-cell (66, 67). Its

physiological role has not been fully delined, but current studies

suggest that it may play a role in the modulation of pancreatic and

biliary secretion (68, 69). The fasting level of human pancreatic
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polypeptide (hPP) has been found to be increased by physical exercise

(70,71), starvation (72,73), and by adrenergic stiumulation (74, 75).

Thus, the increase in the sympathetic tone observed both during the

training course (47) and during fasting (52) could explain the

augmented fasting serum levels of hPP in our studies (I, V, VI, VII,

VIII). On the other hand, a report indicates that the spontaneous

secretion of hPP and gastric acid boti are under vagal control, and

found to fluctuate in parallel (76). Our finding of 2-3 fold increase

in the fasting serum level of hPP could therefore imply an increase in

the vagal drive during the stress situation (I, V, VIII).

Interestingly, we measured higher serum levels of hPP after modified

sham feeding during the stress period than in the control experiment

(VIII). This might indicate a higher vagal cholinergic (77, 78) acti-

vation by the modified sham-feeding during the stress situation.

Another explanation to the augmented hPP levels after sham-feeding is

an increase in the sensitivity of the PP-cell during multifactorial

stress.

The hPP level in serum is highly increased after oral ingestion of a

meal (75, 79, 80), but is unchanged after intravenous infusion of

nutrients (81). The hPP response to a meal is biphasic, a rapid vagal

cholinergic primary increase (79), and a prolonged second phase which

is also dependent on cholinergic pathways (75, 80, 82). Intake of a

meal during the stress period provoked an increase in the postprandial

serum levels of hPP (I,V), and the integrated hPP-response was aug-

mented (V). It is tempting to suggest that most of this effect was

caused by the calorie deficiency. The postprandial output was lower

in the iso-caloric subjects (V), and we found an increase in the

postprandial serum levels also during absolute fasting (VI). Further-

more, a previous report (83) shows that the hPP response to a meal is

unchanged after a period of total parenteral nutrition when the sub-

jects were in calorie balance. Based on previous investigations

(24, 75), it might be assumed that some change in the adrenergic

mechanism is involved in the augmented postprandial hPP-release in our

studies (I, V).
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Oral glucose intake is only a small stimulus for release of hPP to

blood (72, 84), and intravenous infusion of glucose even decreases the

serum level of hPP in healthy man (72, 84). A small increase to oral,

and a slight decrease to intravenous administration of glucose were

also observed during a period of absolute fasting (VII). Since both

stimulations were followed by hyperglycemia, it is suggested that the

PP-cell in man is not directly affected by glucose either during nor-

mal conditions (85) or during absolute fasting (VII) where the glucose

homeostasis is highly altered (86).

3.3 Secretin

Secretin was the first substrate considered a hormone (87). It is

produced in specific endocrine cells, S-cells, localized to the duode-

nal and the proximal jejunal mucosa (88). For the moment, acidifi-

cation of the duodenum is considered the most important stimulus for

secretin release (28, 89). The duodenal pH threshold for secretin

response in man is said to be 3.0 (90), but the strength of the stimu-

lus appears to be more dependent on the amount of acid entering the

duodenum (91). Accordingly, an elevated plasma level of secretin has

been reported when the gastric acid secretion is enhanced as in duode-

nal ulcer patients (28, 92), in patients with Zollinger-Ellison

syndrome (28, 92), after pentagastrin stimulation (28, 93), and at

insulin-induced hypoglycemia (28). In contrast, low levels have been

found when the acid delivery to the duodenum is reduced as in patients

with achlorhydria (28), during aspiration of acid (28), and during

treatment with histamine H2 -blockers (28.

The 3-6 fold increase in the fasting plasma level of secretin in our

stress studies is much higher than the levels found during other phy-

siological conditions employing the same radioimmunoassay method (26,

28, 94). There is reason to conclude that this stress-induced hyper-

secretinemia is partly due to the hyperchlorhydria found during the

same period of stress kIV). Gastric aspiration as well as ingestion

of cimetidine, a histamine H2 -receptor antagonist, both resulted in a

decrease of the fasting plasma secretin level of approximately 50 per

cent. It must be mentioned that the efficacy of the acid aspiration
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was not controlled in that study, and the cimetidine group was small.

These precautions can not invalidate the question of what else is the

stimulus to secretin release during such a period of physical stress.

The plasma secretin levels have previously been found increased both

during prolonged physical exercise (34) and during prolonged fasting

(30, 31, 86). In our study, the elevated plasma levels were main-

tained after 8 hrs of rest, and the levels were even as high in the

subjects of nearly calorie balance, so it does not appear plausible

that these are the stimuli to our finding of hypersecretinemia during

stress.

There exists discrepancy in the results of postprandial plasma levels

of secretin in man. No elevation (95, 96), sustained rises (97), a

fall (98), and spike-like transient increase (28, 99, 100) has been

reported. A plausible explanation to these divergent results of mean

plasma level of secretin is that secretin is released intermittently

when acid enters the duodenum, and with different timing from one per-

son to another. The rapid fall in the postprandial secretin levels in

plasma observed in our stress study (II), may be explained if an

increase in the duodenal acidity is the main causal factor. Ingestion

of a meal will have a combined buifering (91) and diluting effect on

the increased gastric acid content, and the acid load delivereO to

the duodenum will therefore be reduced. A similar dilution effect can

explain the instant fall in plasma secretin levels after an oral glu-

cose load is given to the stressed subjects (II).

Though the postprandial secretin levels in plasma generally are low,

they appear to influence the bicarbonate secretion into the duodenum

(94, 101), and secretin plays probably a contributing role in the phy-

siological regulation of the pancreatic bicarbonate secretion in man.

The high plasma level of secretin in our study has possibly a key

function to normalize the intraduodenal acidity when man is exposed to

prolonged physical stress.

The variations in plasma secretin levels during fasting in man has

been the subject of controversy (29, 30, 31, 32). Our results from

the two fasting experiments (VI, VII) support the prior reports that

plasma secretin is highly increased in starving man (30, 31, 86), but
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this has not been confirmed by others (29, 32). The discrepancy in

the results has been proposed to be attributed to plasma interference

in the radioimmunoassays of secretin (32). Paper V1 partly deals with

that discussion, since the plasma secretin levels in one fasting sub-

ject were measured by two different RLA methods. There was a very

high increase in the fasting plasma level when employing a RIA method

using the procedures of plasma extraction and charcoal separation. A

smaller increase was observed when a RIA method using double-antibody

technique and without plasma extraction, was employed. A further

discrepancy in the two sets of results was seen when the postprandial

plasma levels of secretin during fasting were measured. Apparently

the procedure of plasma extraction is important. See methodological

considerations, secretin.

Employing the method of plasma extraction and charcoal separation

technique, an instant fall in the plasma levels was found after oral

as well as after intravenous glucose ingestion during fasting (VII).

The variation in the plasma levels of secretin appeared to follow the

blood glucose levels inversely; the lowest concentration of secretin

was found to coincide with the highest glucose level, and both the

blood glucose and the plasma secretin normalized simultaneously. This

could give rise to the suggestion that the subsequent decline in

plasma levels of secretin after glucose intake is not attributed to

any effect of glucose on "luminal" receptors of the endocrine S-cells.

It is rather a support for a metabolic release mechanism of this hor-

mone during fasting.

3.4 Vasoactive intestinal poiypeptide

Vasoactive intestinal polypeptide has a widespread distribution,

occurring mainly in the central nervous system (102) and the digestive

tract (102,103) where it possibly has a neurotransmitter function

(104). It has a wide spectrum of biological activities including

relaxation of vascular (105) and non-vascular (106) smooth muscles,

and hypersecretion from intestinal glands (107). Concerning our stu-

dies, especial attention should be paid to its metabolic actions of

stimulating the glycogenolysis (108), the gluconeogenesis (108) and

. . . . .. . ... . . ... . . . . : t
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the lipolysis (109) as shown by in vitro studies. Paper VI and VII

confirm the previous finding that the plasma level of VIP is enhanced

during fasting (110), and paper III lend support to the reports that

the plasma level is also elevated by prolonged physical exercise

(34, 110). On the other hand, plasma VIP level has not been found

changed during short-time, intensive physical exercise (110).

Mechanical and chemical stimulations of the jejunal mucosa have shown

to evoke VIP-release to blood (111), and it is suggested that VIP may

be involved in the gastrointestinal tract to facilitate the passage of

material through the gut (112). On this background, it is assumed that

the high plasma levels of VIP play a conceivable role in the develop-

ment of diarrhoea in VIP-producing tumnour patients (113).

However, such a function of VIP on the gut motility appears not to be

present in our studies since the gut motility is rather known to be

decreased by physical exercise (61), and since all the participants

experienced a less frequency of defecation during the experimental

periods than otherwise.

Peripheral plasma level of VIP is not influenced by a meal or glucose

intake in healthy man (114, 115). This in spite of results from other

studies which indicate a role for VIP at hyperemia of intestinal

mucosa after instillation of nutrient solution in the gut (111). It

was an interesting and new finding that the high plasma levels of VIP

measured during the training course (III) and during the fasting experi-

ments (VI, VII), decreased rapidly on oral ingestion of nutrients.

Apparently, in one of the fasting experiments (VlI) the plasma VIP

levels fluctuated inversely with the blood glucose levels. This in

contrast to a positive correlation between the VIP and the blood glu-

cose levels shown after glucose loading in gastrectoni patients (116).

Also in those patients the glucose metabolism was disturbed (116).

During our fasting experiment (VII), we found that the augmented VIP

levels in plasma were suppressed by the administration of glucose

intravenously as well as orally. Similar to the secretin, this indi-

cates that the VIP-release is not mediated by "luminal gut-factors",

but is rather metabolic dependent. Altogether, our findings of high

VIP levels in plasma during combined prolonged physical exercise and
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starvation (III, IV), during absolute fasting (VI, VII), and the rapid

return of VIP to normal plasma levels after oral as well as after

intravenous nutrient ingestion (VII), support the concept that VIP is
"a peptide of substrate need".

In paper III we found that VIP levels in plasma was not influenced by

the hyperchlorhydria during the stress period. Although VIP is

released to blood after exogenous acidification of the duodenum (117),

and some studies indicate that VIP inhibits the stimulated gastric

acid secretion (118), VIP ha: still an uncertain role in the pathogene-

sis of ulcer disease.

3.5 Group I pepsinogens and pepsin

Group I pepsinogens (PGI) are synthetized and stored in the chief

cells of the oxyntic mucosa (119). From here it is either leaked

unchanged to blood or delivered into the gastric lumen as the pro-

teolytic enzyme of pepsin (120). Serum PGI are suggested to be a

measurement of the continuous synthesis or the amount of PGI stored in

the chief cells (121, 122, 123). The finding of a decrease in serum

PGI during the physical stress period (V) indicates hypoactivity of

the chief cell, but the cell is well preserved as the level normalized

rapidly afterwards. A positive correlation is peviously reported be-

tween high gastric acid secretion and serum PGI (124). It is there-

fore surprising to find a decrease in serum PGI when there was a

3-fold increase in the basal acid output during a similar stress

period (IV, VIII). On the other hand, Waldum et al (123) found that

the serum PGI was only positively correlated to the maximal gastric

acid secretion, and that was hardly influenced by the physical stress

(IV, VIII). In paper V we concluded that the decline in serum PGI

during stress was due to the long-term physical exercise, and that the

serum PGI level normalized after 8 hours of rest. The subjects were

given two to three hours of rest while being transported to the labo-

ratories for measurements of the gastric secretion, and it remains an

open question if that short period of rest was enough to obtain normal

serum level of PGI after physical stress. If so, our data does not

counteract that of Waldum et al (123). Furthermore, a rapid recovery
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after rest would better explain why the pepsin content in the gastric

juice, which is correlated to serum PGI (123), was unchanged after the

stress period (VIII). On the other hand, the pepsin secretion

generally follows the acid secretion, and that was highly increased in

the basal state (IV, VIII). We therefore suggest that the hyper-

secretion of acid after physical stress is mediated through other

pathways than that of pepsin release.

Recent studies have evaluated if serum PGI is a genetic marker for the

predisposition to duodenal ulcer disease (125, 126, 127). More than one

half of the duodenal ulcer patients have shown an elevated fasting

serum PGI level (126). The stressed subjects in our studies were pro-

bably also in a disposition to develop peptic ulcer disease (128), and

they showed the combination of acid hypersecretion and a decrease

(probably normal levels) in serum PGI. The importance of serum PGI in

evaluation of duodenal ulcer disease must therefore be handled with

care, since the predisposition of developing peptic ulcer disease is

often a combination of environmental and genetic factors.

3.6 Gastric acid secretion

It is widely assumed that excessive gastric acid production is an

important pathogenetic factor in duodenal ulcer disease, but the

pathophysiological mechanisms by which excess acid makes a hole in the

duodenal mucosa, is still uncertain. Not all people with hyperacidity

get ulcers, and only one third of the duodenal ulcer patients are

hypersecretors, whenever they are measured at basal condition or after

maximal acid stimulation (129). Most peptic ulcer patients notice

exacerbations of their symptoms in connection with stressful events

(130, 131) which many of them experience more frequently than healthy

man (15). There are data on a relationship between stress-related

anxiety and acid hypersecretion. For instance, an increase in the

basal acid secretion has been reported during stressful interviews and

prior to surgery in ulcer patients (132, 133), or before important

school tests in healthy subjects (134). However, our reports

(IV, VIII) are the first to show 3-fold increase in the basal gastric
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acid output after being exposed to physical stress parameters as pro-

longed physical exercise, calorie supply deficiency, and severe sleep

deprivation in combination.

It is well known that vagal activation stimulates the gastric acid

secretion (135), and Dragstedt et al (136) introduced vagotomy as a

surgical procedure to duodenal ulcer disease based upon the hypo-

thesis of an hyperactivity of the vagus nerves in the duodenal ulcer

patients. There are also some indirect evidence for an increase in

the spontaneous vagal drive in the duodenal ulcer patients (137, 138).

In paper VIII we have investigated the importance of the vagus nerve

in the hypersecretion of gastric acid after a period of physical

stress. We found 3-fold increase in the basal gastric acid output

(BAO), while the acid secretion after the pure vagal stimulation of

modified sham-feeding was not affected by stress when subtracted for

the BAO. Furthermore, we found no change in the pepsin content of the

gastric juice after stress (VIII). The gastric secretion of acid and

pepsin are both strongly influenced by the vagal activity (135, 139,

140), which was considered increased after the stress when the hPP

secretion was taken as a measure of the vagal tone. The dissociation

of the acid and pepsin response might be taken as the result of un-

equal activity of the vagal fibres on the parietal cells and the chief

cells. Another explanation is that the hypersecretion of acid after

stress is caused by a specific hypersensitivity of the parietal cells.

In paper IV we found that the basal hyperchlorhydria was histamine

dependent as the increase was prevented by the specific histamine

H2 -receptor antagonist of cimetidine. There is still a question of

which function histamine has in the cephalic, the gastric and the

intestinal phases of acid secretion; it may be a final common

mediator, or it may be a general sensitiser to other stimuli on the

oxyntic cell. According to Konturek et al (141), the H2 -receptors are

more important than the cholinergic receptors in the activation of the

oxyntic cell during modified sham-feeding (141). It is therefore

tempting to suggest that in our studies (IV, VIII) the same

H2 -receptors on the parietal cell take part in the hypersecretion of

acid at basal condition and in the secretion of acid after modified

sham-feeding.

....... . •... . . . . . N im Tm m .. . . .... . . .. .. . .. .. . -- .. . . . . . - .. . .. . .. I .
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The hypersecretion can hardly be caused by the gastrin since the

plasma concentration of that hormon was not changed by the stress

(IV, VII), and not altered after modified sham-feeding (VIII). The

slight hypoglycemia found (IV, VIII) is not an explanation of the

hyperchlorhydria (142). During a similar stress period an increase in

the sympathetic tone was found (47), but norepinephrine (143), epi-

nephrine (144), and sympathetic stimulants (145) are all known to

have an antisecretory effect on the parietal cells, and should there-

fore rather prevent the development of hyperchlorhydria.

Since physical exercise is found to decrease the gastric acid secre-

tion (146), and the parietal cell shows histological signs of hypo-

activity during starvation (147), the severe sleep deprivation contri-

butes probably most to the hypersecretion of gastric acid in our

model.

The gastric mucosa is thought to be most vulnerable to damage by

gastric acid when there is no buffering effect of food. Our findings

are of special interest in relation to the higher acid secretion be-

tween meals found in man after physical stress. There is a recent

report (128) that stressful situations cause increase in the secretion

of gastric acid, which, in turn, leads to the development of peptic

ulcer. Therefore, precautions should be taken when man is exposed to

stressful life events. Our results show that ingestion of the

H2-receptor antagonist cimetidine prevents the development of hyper-

chlorhydria found in man immediately after having finished a prolonged

period of physical stress.
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hPP and Gastrin Response to a Liquid Meal and Oral
Glucose during Prolonged Severe Exercise, Caloric
Deficit, and Sleep Deprivation

0. OEKTEDALEN. 0 FLATEN, P. K. OPSTAD & J MYREN
Norwegian Defence Research Establishment. Division for Toxicology, Kjeller. and
Laboratory of Gastroenterology, Ullevil Hospital. Oslo, Norway

Oektedalen 0. Flaten 0. Opstad PK. Myren J hPP and gastnn response to a liquid
meal and oral glucose dunng prolonged severe exercise. calonc deficit, and sleep
deprivation. Scand J Gastroenterol 1982. 17. 619-624.

Sixteen young healthy military cadets were subjected to prolonged severe exercise.
caloric supply deficiency. and sleep deprivation during a 5-day ranger training course.
Several cadets complained of gastric discomfort. The fasting and postprandial human
pancreatic polypeptide (hPP) and gastrin levels induced by a liquid meal (no. = 9)
and peroral glucose load (no. = 7) were measured during normal schr-l activities
(control) and on the third day during the course. The results showed that ,he fasting
level of hPP was significantly increased during the course Both during meal and
glucose stimulation the hPP level during the course was significantly higher at most
registrations than during control conditions. The fasting level of gastrin was not
changed. The maximal level of gastnn during meal stimulation was higher during the
course than during the control period. Glucose loading, on the other hand. did not
change the gastrin response. The integrated response of hPP and gastrin were not
changed during the course either for the liquid meal or for the peroral glucose load.

Key words: Caloric deficit; exercise, physical: gastrin: glucose, oral load; human
pancreatic polypeptide (hPP): meal, liquid; radioimmunoassay; sleep. deprivation

Olav Oekiedalen. M.D.. Division for Toxicology. Norwegian Defence Research

Establishment. N-2007 Kjeller, Norway

The gastrointestinal hormones human pancreatic physical exercise, caloric deficit, and sleep dep-
polypeptide (hPP) and gastrin are released from rivation. During a previous, similar course.
endocrine cells localized in the pancreas and the changes in the plasma concentration of several
gastric antrum. respectively (1-3). Both hor- hormones were observed. The human growth
mones are released after a meal (4-7) and by hormone and adrenaline increased two- to six-
sympathetic activation. The serum concentration fold (21), and the glucose level was significantly
of hPP is shown to be increased during physical decreased (Opstad, unpublished observations),
exercise and starvation (8-12). and Berger et al. There is no previous report on the fasting and the
(8.9) found that the hPP release during exercise postprandial blood concentration of hPP and gas-
was mediated by a beta-adrenergic activation. trin during prolonged physical exercise combined
Gastrin has been shown to be released by adren- with starvation and sleep deprivation afte- such
aline infusion (13-17) and during prolonged phys- a military training course.
ical exercise (18). Gastrin. however, is decreased
during prolonged starvation (19), and no change MATERIALS AND METHODS
in meal-induced postprandial gastrin I vels has
been found after prolonged starvation (20). Subjects. Sixteen military cadets of the Nor-

Norwegian military cadets participate every wegian Military Academy participated in a ranger
summer in a 5-day training course with severe training course as a part of their training program.
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They were divided into two groups (group 1,

no.= 9. mean age. 22.8 years, and group 2. pmo(/t

no = 7. mean age, 23.9 years). All were in excel- 1.04

lent mental and physical condition with no history 10

of gastrointestinal disease.
Diet. The daily food intake for each cadet con-

sisted of about 95 g of protein. 65 g of fat, and 120- 5 383i, :, /
125 g of carbohydrates. representing 63U0kor /

about one sixth of their total calonc expenditure, 1
The water intake was unlimited.

Training course. The course took place in a
forest area at an altitude of about 500 m and 80-

lasted from Monday morning (day 1) until the
following Friday afternoon (day 5). The subjects 60
had a mean work load of 35% of their maximal
oxygen uptake. and the caloric expenditure was

estimated to be about 36.000kq24 h (22. 23). 40t
Owing to continuous simulated combat activities.

the subjects had only 1-2 h of sleep totally during 2 CONTROL

the course, which fits with conclusions drawn from 10. DAY 3

continuous pulse registration during previous sim-

ilar courses (22. 23). Thus, the multifactonal
strain was composed of prolonged physical exer- -15 6 is io /s 60 90 min
cise (about 35% of their maximal O2 uptake). 41.meal1
caloric deficit (given one sixth of the expenditure).

and sleep deprivation (2 h of sleep during 5 days). Fig. 1. Fasting and postprandial hPP levels induced by
a liquid meal given perorally in a control period (con-

Tests and methods. All stimulation tests were troll and on the third day of a military training course

performed during a rest period in the morning with prolonged physical exercise. caloric deficit, and

after an overnight fast. A standardized liquid sleep deprivation (day 3) Median values with total
range in parentheses. "p < 0.05 compared with control:

meal consisting of 80 g Biosorbin (Pfrimmer) dis- p < 0 005 compared with control.
solved in 200 ml of water and 200 ml of milk
(totallycontainingabout 1fgofproteinandabout assay precision of 11.5%. and a between-assay

2300ki was given to group 1 on day 3 during the precision of 13%.
course and about 6 months after the course (con- Statistics. The results are given as median and
trol). In group 2. 100g of glucose dissolved in with total range in parentheses. Variations in
100 ml of water was given perorally on day 3 results within the same group were estimated by

during the course and about I week before the the Wilcoxon signed rank test. The integrated
course (control). Blood from an antecubital vein peptide response was calculated by trapeze inte-
was drawn before (-15). during (0), and 15. 30. gration from zero to the 90-min sample. with
45, 60. and 90 min after start of the peroral stimu- the pre-stimulatory peptide concentration

lation. Blood was prepared for serum and kept subtracted.
frozen (-40"C) until analysis. Gastrin was deter-

mined with a radioimmunoassay method (24) hay- RESULTS
ing a sensitivity of 6pgml. a within-assay preci-
sion of 8%-12%, and a between-assay precision hPP

of 11%. The serum level of hPP was determined The fasting median level of hPP increased about
with a radioimmunoassay method (25) having a 230% (p < 0.05 in group 1 and about 311(%
sensitivity (detection limit) of 6.4pM. a within- (p < 0.05) in group 2 during the co,.rse (Figs. i
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pmol/t most registrations during the course (Figs. I and

50s A 2). Because of great individual variance in
response (Table 1) the integrated hPP response
(IhPPR) was not changed either for the liquid

1meal or for the peroral glucose load during the

401 #t V course.

'611. .... Gastrin
,, Compared with control the fasting level of gas-

I
30- .4 trin was slightly but not significantly increased

during the course (Figs. 3 and 4). The gastn

levels at 30 and 45 min after meal stimulation
were significantly increased during the course

2 6 -1 (p < 0.02. Fig. 3). The gastrin level remained
elevated but was not increased compared with
control 90 min after meal stimulation.

The postprandial gastrin levels after glucose
-10 loading were not significantly changed during the

~.. ,CONTROL 7., course. The integrated gastrin response (IGR) to

j-,4.DAY 3 both the liquid meal and the peroral glucose load
- was not significantly changed during the course

1 i5 J0 45 60 40 min (Table 1).

1o0g GLUCOSE

Fig. 2. Fasting and postprandial hPP levels induced by DISCUSSION
a peroral glucose load (100 g) given in a control period
(control) and on day 3 during the combat course. The present study has shown that the fasting
Median values with total range in parentheses. * p < serum concentration of hPP and the postpran-
0.05 compared with control, dial serum concentration of hPP and gastrin are

increased in healthy man exposed to prolonged

multifactorial strain. The increased fasting level
and 2). The hPP level increased rapidly after meal of hPP observed during the course is consistent
stimulation and more slowly during glucose with the prior finding of elevated hPP both during
loading, physical exercise (8-11. 26) and starvation (10).

The absolute increase (pmol/I) after glucose Recent investigations have shown that the serum
and meal stimulation was similar during the con- concentration of hPP in man is influenced bN
trol period and during the course. Compared with adrenergic modulation both before (8. 9. 25) and
the control, the postprandial hPP levels were after oral glucose (25). An increase in the fasting
therefore significantly increased (p < 0.05) at level of adrenaline has previously been observed

Table 1. The integrated gastrin response 1IGR) and integrated hPP response (IhPPR) induced by a liquid meal
and peroral glucose load given during a control period tcontrol) and during a military training course (course)
with prolonged physical exercise, caloric deficit, and sleep deprivation'

IGR [hPPR

Meal Glucose Meal Glucose

Control 413(188-1140) 278(15--720) 25651-491 to 14363) 300-1913 to 4166)
Course 533(60-2085) 330(248-585) 2318(-5025 to 2408) 1148(-120 to 3645)

Median values expressed in pmol-mindl with total range in parentheses.
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Fig 3. Fasting and postprandial gastrnn levels induced Mediani values with total range in parentheses
by a liquid meal given perorally in a control penod
(control) and on the third day of a militarv training
course with prolonged physical exercise. caloric deficit.
and sleep depinvation (day 3) %ledian values with total
range in parentheses. p < 0 05 compared with control T'he previously obser-ed increase in the tast,nc

level of adrenaline and decrease in the tasting

during a similar military training course 121) This level M) gtlucose dunng a similar milirarN trainingt

alteration in the sympathetic tone might explain course are expected to enhance the .tastn-n reieisc

the increased fasting and postprandial serum con- in man 113 1'. 3 1 In addition the pre% iousl'.

centrationsof hPP dunng the course In addition, registered hs~etold increase in human growth hor-

the release of hPP is under strong vagal control mone and the sigitnLant increase in cortisol t -1

(27-29). Hvpoglvcaemia is a potent sagal-depen- are assumed to promote gavi-nn release, as %howAn

dent stimulus of the hPP release ( 11). 30U) Dunnil in anmmals 32,~ I Es.en in the presence oIS'

a previous, similar training course the fasting mai. stimulating factors, the tasting serum con-
blood glucose level was decreased I Opstad. centration of gtastnn was not changed during the
unpublished observations) The increased fasting course, which, in addition, should indicate some
serum concentration of hPP might thus be related other inhibitor-v mechanisms In our experiment
to the fasting hypoglyicaemia observed during the the maximal concentration of gastrin induced hs

course. However, this does not explain the the liquid meal was increased dunng the course
increased serum concentratioryof hPP after oral Previously, the meal-induced ga.%tnn release has
glucose and liquid meal. not been found to he iriP --ed either h's ph'.sical

The fasting gastrin level has previously been exercise (18) or by prolonged fasting (201) Per-
found to increase after prolonged physical exer- haps the prolonged multifactonial strain including
cise (18) 1but to decrease dlunng starvation ( 191 sleep deprivation could promote the postprandial
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gastrin release. It is tempting to speculate whether 4 Adrian TE. Bloom SR. Besterman HS, Barnes Al.
the increased sensitivits of the G-cells to a liquid Cooke TIC, Rossell RCG. Faber RG Lancet 197-7.

mealobsevedin or s~udvcoud bea mchansm . 161-163
mealobsrve inourstuy culdbe mehansm 5 Brandsborg 0. Brandisborg M. Christensen NI

similar to that reported in duodenal ulcer patients. Europ I1Cli Invest 1976. 6. 39S5-U)I
in whom the postprandial serum concentration 6. Floyd JC Jr. Falans SS. Pek R, Chance RE Rec

Progr Horm Res 197, 33. 5i4-Sl)
of gastrin has also been found increased (5. 34 7 Schwartz TWhr, Rehteld JF. Stadil F. Larsson L-J.
37) Chance RE. Moon N Lancet 1976, 1, 1102-1105

Previous investigation has shown that the 8 Berger D. Floyd CJ Jr. Lampman RM. Fjans SS
IClii Endocrinol Metab 1980. 54). 33-39

meal-induced gastrin response is. in contrast to 9 Berger D. Floyd IC Jr. Pek S. Lampnnan RM.
the fasting level of gastrin. not mediated by Fajans SS Diabetes 1978. 21. Suppl 2. 4M6
beta-adrenergic receptors but by receptors that 10 Floyd IC Jr. Fajans SS. Pek S Trans Assoc Am

Physicians 1976. 89. 1416-158
recognize proteins and digested products (0). Our I I Gingench RL. Hickson RC, Haigberg JM. Winder
results indicate that these receptors might be WW Metabolism 19-9. 28). 11
influenced by prolonged multifactonal strain. 12 Hilsted J. Gailbo H. Sonne B. Schv~artz T. Fah-

renkrug J. Schaffalitzky de Muckidell OB. Laur-
In conclusion, we have found that the fasting itsen KB. Tronier B *Am I Physiol )9N)' 239.

serum concentration of hPP in healthy man is G 13(-G1440
elevated dunng prolonged, multi-factorial strain 13. Brandisborg 0. Brandsborg N1. Christensen NJ

Gastroenterology 1975,. 68. -i53--iit
and that this increase might be explained by the 14 Brandisborg 0. Christensen NJ, Lovgre,:n NA.
increased sympathetic tone or the hvpoglsicaemnia Brandisborg M. Rehfeld IF Gut 1978i. 19.

202-206observed during the strain. The increased release 15 Christensen NI. Brandisbornt 0. Loss reen NA.
of both hPP and gastrin after a liquid meal indi- Brandsborg M I Cliii Endocrinol Merab l9-9. 4i9.
cates an increased sensitivity of the PP-cell and 33 1-334

16 Hayes JR. Ardhill J. Kenned% TL. Shanks RG.
the G-cell during such strain. Buchanan KD Lancer 1972. 1. 814-h2l

17 Stadil F. Rehfeld IF Gastro'enteroiogv i'C3 6i5.
2103-215
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Secretin-a new stress hormone?
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Summary

The plasma concentration of secretin was measured during a 5-day military
training course comprising prolonged physical exercise (35% of max O uptake),
severe caloric deficiency (approx. 35700 kJ/24 h) and sleep deprivation (only 2 h of
sleep as a total during 5 days). 24 subjects were divided into 3 groups. one group was
compensated for the caloric deficiency and another g.,,ip was partly compensated
for the sleep deprivation. The results showed that the fasting plasma secretn
increased 3-6-fold (from 1.8-3.7 to 13.3-19.1 pmol/) during the course with small
differences in increase between the groups. Ingestion of a mixed meal reduced the
fasting plasma secretin by about 50% during the course, while oral glucose reduced
the plasma secretin to the concentrations found in the control experiment.

The study shows that plasma secretin is increased when man is exposed to
prolonged multifactorial stress. Additional food or sleep appears to have small
influence on the fasting plasma secretin, but after giving a meal or oral glucose
solution the plasma secretin decreases rapidly.

physical exercise; caloric deficiency; sleep deprivation; secretin

Introduction

Secretin is a peptide hormone considered to play a major role in regulation of
pancreatic secretion of bicarbonate. Secretin is released into the blood stream after
intraduodenal instillation of acid [171 or bile [14]. So far the delivery of gastmc acid
to the duodenum is the only well established physiological stimulus for release of
secretin. The physiological metabolic importance of secretin during caloric de-
ficiency has been discussed. Prolonged starvation has been reported to have no effect
(6] or to elicit increased concentrations of secretin in plasma [7,8,12]. In vitro
experiments have shown that secretin stimulates lipolysis [10,15], glycogenolysis [ 13]

0167-0115/82/0000-OOOO/502.73 C 1982 Elsevier Biomedical Press
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and gluconeogenesis [ 131. Furthermore, elevated concentrations of secretin in plasma
have been observed after prolonged physical exercise [9].

The present work was undertaken to study the metabolic importance of secretin
during a training period, combining heavy physical exercise with caloric deficiency
and severe sleep deprivation.

Mate ials and Methods

24 military cadets of the Norwegian Military Academy participated in a training
course which lasted from Monday (day I) until the following Friday evening (day 5).
The subjects were randomly divided into three groups (group I, n = 7, median age 23
years, range 22-24 years; group 11. n = 8, median age 24 years, range 22-26 years;
and group III, n = 9, median age 23 years, range 21-25 years). All cadets were
exposed to prolonged heavy physical exercise previously estimated to be about 35%
of their maximal oxygen uptake (1,21]. Because of continuous simulated combat
activities the subjects in groups I and II had only 1-2 h of sleep in total during the
course, while the subjects in group Ill regularly got 3 h of additional sleep each
night. The subjects of groups I and III were exposed to high caloric deficiency, while
the cadets in group II were almost isocaloric.

Daily basic food intake for all men consisted of about 95 g protein. 65 g fat and
125 g carbohydrate, representing approximately 6300 k. In addition, each cadet in
group II was given a special compound diet containing about 105 g protein. 125 g fat
and 1230 g carbohydrate. This diet was given as soup, orange juice, cocoa and nmlk
shake and represented about 26900 kJ/24h. The caloric expenditure during the
course was estimated to range from 36100 to 42800 kJ/24h [1,21. Thus, groups I
and III had a caloric deficiency of 29400-36500 , 24 h. whilst those in group II
had minimal caloric deficiency. The cadets of group I showed no significant loss of
body weight, whilst each cadet in groups I and III lost about 4.5 kg bodyweight
during the course.

Blood for secretin determnation was collected after an overnight fast immediately
before the course started (day 1), every morning during the course and after 8 h rest
(day 6). The effect of nutrients was studied by giving a test meal and a 100g oral
glucose load after an overrught fast on separate days during the course. The test
meal (2200k) which consisted of one egg, two pieces of cheese-sandwiches and 200
ml of milk was given on day 3 during the course (day 3) and in a control period
(control) 8 weeks after the course. The glucose load ( 100 g glucose in 400 ml water)
was given on day 5 and day 6 during the course and in a control period (control)
8 weeks after the course The meals and glucose loads were consumed withun 3 run.
Blood was drawn from an antecubital vein 15 nun before ( - 15) and 15, 30, 60. 90
and 120 nun after the meal was given. On day 5 and in the control period blood was
drawn 15 nun before (- 15) and 30, 60. 90 and 120 man after the start of the glucose
load, while on day 6 samples were obtained at - 15. 30 and 90 mn. Samples for
secretin determinations were collected into ice-chilled glass tubes containing hepann
and aprotunm (Trasylol', 500 K.I.U. aprottrun per ml blood) and left on ice until
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centrifugation. Aliquots of plasma were stored at -20°C until radioimmunoassay
for secretin [161.

The results are presented as median with total range in brackets. Variations in
results within the same group were estimated according to the Wilcoxon matched
pairs signed-rank test whilst differences between groups were assessed by the
Mann-Whitney U-test.

The level of statistical significance was 0.05.

Results

Compared to day I there was a 3-6-fold increase in the fasting plasma secretin in
all the groups during the course (Table I). In group I the increase was highest on
days 2 and S (P < 0.05) whilst in groups II and III the increase was highest on day 2
(P < 0.05). 8 h after the course was finished (day 6) the fasting plasma secretin was
still 3-5-fold elevated (Table 1) but in all the groups the increase was smaller than on
days 2 and 5 during the course (P < 0.05). The increase in fasting plasma concentra-
tion of secretin did not differ between the groups apart from a larger increase in
group I than in group III on days Sand 6 (P <0.05).

After ingestion of a mixed meal the plasma secretin declined in all the groups
within the first 30 mn. A nadir of 45% of fasting value was reached after 30-60 mm
but the secretin levels did not reach the postprandial values obtained in the control
experiment, except at 120 min in group II (Fig. 1). There was a tendency of increase
in postprandial plasma secretin concentration later than 60 mim.

Plasma secretin decreased rapidly in all the groups after glucose loading on day 5
during the course. reached the plasma concentration found in the control experiment

TABLE 1
Fasting plsma conmu-abon of secretin (pmol/) before (day 1). during a prolonged training course and

8 h alter the course was completed (day 6)

Day I Day 2 Day 3 Day 4 Day 5 Day 6

Group 1 2.5 18.3 1 1.0 10.8 19.1 " 11.5 "
(0.9-5.1) (12.8-31.1) (6.9-13.7) (1.8-160) (9.6-25.0) (6.7-17.7)

Group 11 3.3 13.3 * 9.7 . 9. " 12.0 1 8.7 "

(0-4.8) (5.0-38.2) (2.1-10.7) (5.3-19.2) (5.3-23.0) (3.2-13.4)

Group I1 1.8 15.2 * 9.5 8.3 " 9.7 * 5.2-
(1.0-3.4) (7.2-30.0) (4.2-20.4) (4.1-10.0) (4.0-24.2) (0.2-13.0)

The subjects in group I were exposed to prolonged physical exercise, severe caloric deficiency and sleep
deprivation. Groups 11 and III were suilar to group I except that group 11 wa kept almost isocalornc and

group 11 got 3 h additional sleep each night during the course. Values ae median with total range in
parentheses.

SP<0.01 compared to day I.

P <0.02 compared to day 1.
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group Il (C) wemr exposed to the stress factors as descnbed in Matenais and Methods. Values are median
wth total range in parentheses. * P <0.01 compared to control.

within 60 mm and remained at this level throughout the experiment (Fig. 2). Glucose
loading on day 6 resulted in a similar decline in plasma concentration of secretin as
found on day 5 (Fig. 2).

Discussion

The present study showed that the plasma concentration of secretin increased
3-6-fold when man was exposed to prolonged physical exercise, severe caloric
deficiency and sleep deprivation. The secretin concentration was still elevated after
8 h rest. The high plasma level of secretin decreased after a mixed meal. but did not
reach the plasma concentrations found after a meal in the control experiment.



53

217
0.0°/1 i( (9.6-ZS.O)
PLASMA
SICRETINI , AY FIVE-

OAY SIX
psi CONTROL

' Is-7.2) (0-134)

PLASMA
SECRSTIS(

"1, 0iVY lVEi.,A.a.F..
DAY SIX

GWUCO 9.4)

PLASMA
DAY Sixj

104CONTROL-.-

1 I( a2 13,11 727S'1 (0-7.7)
3

2' 0 W 90 61 on
GLUCOSE

Fig. 2. The Slucose-induced changes in plasma concentration of secretin (prnol/l) in a control period
(control), on day 5 of a prolonged traung course and 8 h after the training course was completed (day 6).
Group I (A). Sroup 11 (B) and group III (C) were exposed to the stress factors as described in Matenals
and Methods. Values are median with total range in parentheses. * P <0.05 compared to control.

However, after ingestion of a hypertonic glucose solution the plasma concentration
of secretin decreased rapidly to control values both during the course (day 5) and
after the course was completed (day 6). Caloric compensation did not influence the
concentration of secretin in plasma (group 11 versus group I), whilst additional sleep
(group III versus group 1) caused a smaller increase (Table I).

Intraduodenal acidification is the only well established stimulus for secretin
release (2.3,17]. Previous studies have shown that the emptying of gastnc acid into
the duodenum regulates the plasma concentration of secretin in man [4,17]. The
secretin levels found in the present study are considerably higher than the values
measured during more physiological conditions employing the same radioimmunoas-
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say [5,17-19]. The cause of these high values is not immediately intelligible. In view
of the Lipolytic (10,15], gluconeogenetic (131 and glycogenolytic [13] actions of
secretin demonstrated in vitro, it has been speculated that secretin has metabolic
importance during periods of negative caloric balance. This hypothesis was sup-
ported by the findings of Henry et al. [7,8] who reported elevated concentrations of
secretin in plasma after prolonged starvation, and these high concentrations were
suppressed by refeeding. However, in our investigation caloric compensation did not
influence the secretin concentration in plasma. therefore starvation does not seem to
be the stimulus per se.

Also physical exercise of shorter duration [9] has previously been found to elicit
increased concentrations of secretin in plasma. However. physical activity is not
likely to be the stimulus for the observed plasma secretin concentrations since our
tests were performed in a rest period., and since the fasting plasma secretin level was
still 3-5-fold elevated after 8 h rest (day 6). In addition, the plasma secretin
concentration decreased rapidly after ingestion of a meal or a glucose solution. The
increased secretin levels could be explained by decreased elimination through the
kidneys. Previous observations indicate that renal function is reduced during hard
training (P.K. Opstad. unpublished results). However, the rapid decline after inges-
tion of a meal or glucose solution cannot be explained by this mechanism.

We thus speculate that increased acidity of duodenal contents is the causal factor
for the elevated plasma concentration of secretin found in our study. The reduction
in plasma concentration after ingestion of a meal or a glucose solution is presumably
caused by effects that reduce the rate of acid delivered into the duodenum [191. This
reduction is accomplished either through the buffering and dilution of gastric acid
by the meal [19], or through dilution of the gastric acid by the glucose solution, in
combination with a delay in gastric emptying because of hyperglycemia (II] that
follows the meal- and glucose-stimulations. Previously, a similar postprandial secre-
tin response has been found in patients with Zollinger-Ellison syndrome and in
duodenal ulcer patients showing gastric acid hypersecretion [20]. In our experiment
we observed a smaller decrease after giving the meal than after ingestion of the
glucose solution during the course (Figs. I and 2). This could in part be explained by
the larger volume of the glucose solution compared to the meal and hence a greater
dilution of gastric acid. In addition, food in contrast to oral glucose. stimulates
gastric acid secretion.

In conclusion, we have found a 3-6-fold increase in fasting plasma concentration
of secretin when man is exposed to prolonged stress. We propose that the possible
role for secretin during this condiuon is to protect the duodenal mucosa against
damage due to increased acidity of duodenal contents.
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0. OKTEDALEN. P. K. OPSTAD. J. FAHRENKRLG & F FONNUM
Norwegian Defence Research Establishment. Division of Toxicology.
Kjeller. Norway. and Dept. of Clinical Chemistry.
Bispebjerg Hospital. Copenhagen. Denmark

Oktedalen 0. Opstad PK. Fahrenkrug J. Fonnum F Plasma concentration ot vaso-
active intestinal polkpeptide during prolonged physical exercise. Calorie suppl%
deficiencv. and sleep depriation Scand I Gastroenterol 1983. IS. 11i57-lIh_2

Twent,-four militarv cadets went through a _-day period of heav, phsical exercise

l35' of max 0: uptakei. severe calorie supply deficienc% about 3r.,- kJ 24 hi,
and sleep deprtsation i2 hot sleep as a total during 5 da.s) Some cadets compensated
for the caloric deficienct. whereas others partl compensated for the ,leep depri-
vation Fasting and meal- and glucose-induced changes in the plasma conccn:ration
of sasoacti.e intestinal polvpeptide (VIPI were measured on separate days .ur-n.e
the course and 8 h after the course w%,as finished (da% (, Fasting plasma concentration
of VIP increased two- to fit e-told during the course. v ith the hiehest increase on Jas
' The calorie-compensated subiects showed a smaller increase than those "ho did
not recete an% calorie or sleep compensation Intake ot a meal or glucose ,olutlon
lowered the VIP concentration in plasma within 30-6 mm to the concentrations
found in the control expenments performed several weeks alter the course The
results indicate a role of VIP as 'a polypepude of substrate need'

Key words Calonc deficiency: physical exercise: sleep deprivation: vasoactie intes-
tinal polypeptide

Ola- Oktedalen. M. D .. orwegian Defence Research Establishment. DfLots1on Cor
Toxicology. V.2007 Kleller. .:orwav

Vasoactive intestinal polypeptide (VIP). a highly nutrient-induced changes in plasma VIP concen-

basic octacosapeptide originally isolated from tration dunng a 5-day strain period in which the

porcine small intestine (1). is widely distributed subjects went through prolonged physical exercise

in neurons throughout the body (2). There is combined with severe calorie supply deficienc.

growing evidence that VIP may be a neurotrans- and sleep depnvation.

mitter mediating several functions. like secretion

and relaxation of vascular and non-vascular SUBJECTS AND METHODS
smooth muscle (3).

Plasma VIP concentration has previously been Twenty-four militarv cadets of the Norwegtan

found to increase dunng prolonged fasting t4. 5) Militar, Academy participated in a trai',

and prolonged physical exercise (5. 6). This course as a part of their obligatorx military tra

together with its metabolic actions, including ing program lasting from Monday (day 1) unti,

stimulation of lipolvsis (7). glycogenolysis 181. the following Friday (day 5). They were randomly

and gluconeogenesis (8). indicates that VIP might divided into three groups Igroup one. no. 7)'

have a physiological metabolic function dunng median age 23 years. range 22-2, years: group

negative calonc balance. It was therefore con- two. no. = 8. median age 2. years. range 22-20

sidered of interest to measure fasting and years: and group three, no. = 9. median age 23

"-Ck i G PAai; .,

Ik.
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years, range 21-25 years). All cadets were was finished. The meals and glucose loads were
exposed to prolonged physical exercise, pre- consumed within 3 rm. Blood was drawn from
viously estimated to be a mean of 35% of their an antecubital vein 15 mm before (-15) and
maximal oxgen uptake (9. 10) The subjects of 15, 30.601. 90W and 120 min after the meal was
groups one and two had only 1-2 h of sleep as a given. On day 5 and in the control period blood
total dunng the course. whereas the subjects of was drawn 15 mm before I- !5) and
group three in addition had 3 h of sleep ever 30. 60. 90. and 120 min after the start of the glu-
night during the course. The subjects of groups cose load. whereas on da, 6 samples were
one and three were exposed to great calorie obtained at - 15. 30. and 90 mm. Samples w ere
supply deficiency, whereas the cadets of group collected in ice-chilled glass tubes containing hep-
two were almost iso-calonc. arin and aprotinin (Trasvlol : 500) KIL

The daily basic food intake of all cadets con- aprotininiml blood) and left on ice until centrifu-
sisted of 95 g protein. 65 g fat, and 125 g carbo- gation. Aliquots of plasma were stored at - 2)C
hydrate, representing approximately 6300 kJ. In until measurement of VIP by radioimmunoassay
addition, each cadet in the iso-caloric group (11).
(group two) was given a special compound diet The results are presented as medians, with total
containing 105 g protein. 125 g fat, and 1230g range in parentheses. Variations in results within
carbohydrate. This diet was given as soup. orange the same group were estimated by Wilcoxon's
juice, cocoa, and milk shake and represented matched-pairs signed-rank test, whereas differ-
approximately 27.000 kJ'24 h. ences between groups were assessed by the

The caloric expenditure during the course was Wilcoxon-Mann-Whitnev test. p < 0).05 was con-
estimated to range from about 36,000 to sidered statistically significant.
43.00) kJ 24 h 19, 10). Thus. the subjects in
groups one and three had a large caloric deticiency

RESULTSof about 30.000-37.000 kJ 24 h. whereas those in
group two were nearly in caloric balance. The Compared with the pre-course value Iday 1) the
cadets of group two showed no significant loss of fasting plasma concentration of VIP increased
body weight. whereas the cadets in groups one two- to five-fold during the course, with the high-
and three lost about 4.5 kg (median: range, est increase on day 2 (Table 1) After 8 h of rest
2.5-6.0 kg) dunng the course. (dav 6) the concentration of VIP was still 2- to

Blood for determination of fasting plasma VIP 2.5-fold elevated, although significantly smaller
concentration was drawn in the morning immedi- than the increase observed on days 2 and 5. Com-
atelv before the start of the course (day I). every panson between the groups showed that the
morning dunng the course (day 2 until day 5). increase was significantly higher in group one than
and in the morning of day 6 after 8 h of sleep (day in group two on days 3. 5. and 6 and greater than
6) Furthermore, the nutinent-induced changes in in group three on day 6.
the plasma concentration of VIP were examined After intake of the meal and the glucose sol-
dunng the prolonged strain period. A mixed meal ution the concentration of VIP decreased rapidly
or lI0 g glucose solution was ingested after an in all the expermental groups. whereas no change
overnight fast on separate days dunng the course. was observed in the control experiments. During
The mixed meal 1220) kJ). which consisted of an the meal stimulation the VIP concentration in
egg, two cheese sandwiches, and 200 ml of milk, plasma reached the same level as in the control
was given on day 3 dunng the course (day 3) and experiment within 30-50 min (Fig. 1). There was
in a control period (control) 8 weeks after the atendencytowardsanmncreaseinthepostprandial
course was finished The glucose load 100 g glu- VIP concentration in plasma later than 90 mm
cose in .tiM) ml water) was given on days 5 and 6 During the glucose stimulation on day 5 the
dunng the course Iday 5 and day 6) and in a VIP concentration in plasma returned to the level
control period (control) 8 weeks after the course found in the control experiment after 30 mm. and
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the concentration remained at this level through-
E -- I out the experiment. Glucose loading on day 6

- , resulted in a similar decline in plasma concentra-
S " -- "ion of VIP as found on dav 5 (Fig. 2).

DISCUSSION

Our investigation has shown that the fasting
t- 3- ,plasma concentration of VIP is two- to five-fold

increased when man is exposed to a prolonged

period of multifactorial strain comprising heav
physical exercise, calorie suppl. deficiency, and

C -severe sleep deprivation. The plasma level was
,C partly reduced in the subjects who received

t additional calories (group two) but not signifi-
cantly reduced in the subjects recei ing additional

- "sleep (group three). During the course, but not
- ..in the control studies, the plasma level of VIP

was rapidly reduced by the supplv of calories both
in the form of meal and glucose solution. The
high VIP level could not be due to plasma arte-
facts, since immunosorption studies exclude inter-

S- . ference with strain-induced plasma products in
c -the radioimmunoassav of VIP (Fahrenkrug. per-

sonal communication). Previous investigations
- - have shown that the VIP concentration in plasma

increases dunng long-term physical exercise (5.6)
and after a prolonged fasting period (4. 5). How-

Z I. ever. there are no earlier reports on the VIP level
. in human plasma dunng a 5-day period of heavy

. - _physical exercise combined with calorie supply
tdeficiency and sleep deprivation.

S In our study we suggest that both the star, ation
and the heav physical exercise contribute to the
rise in plasma concentration of VIP Thus there

SA was smaller increase in the fasting plasma con-
centration of VIP both when additional food was

gien (Table I. group two versus group one. and
, - - after 8 h of rest (Table I. day 6). Among the wide

range of biological actions of VIP. the stimulation
- of the lipolvsis (7). the glvcogenolvsis (8). and

the gluconeogenesis (8) appear most relevant for
C- the present study, in which all the subjects were

Z exposed to long-term. heavy physical exercise and
."4 ": ! in which there was increased demand for fat

mobilization owing to the great physical activity
6 - or to the starvation. During a previous similar

training course the lipoiysis was found highly
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Fig. I. Meal-induced changes in median plasma concentration of VIP (pmol) in
a control period (control) and on day 3 (day 3) of a prolonged training course. The
subjects in group one (A). group two (B). and group three (C) were exposed to
the strain factors as described in Subjects and Methods. Total range in parentheses.

"P < 0.005 compared with control; *'P < 0.05 compared with control.

increased (12), and our finding of a high plasma nutrients. Results from another experiment with

concentration of VIP may indicate some physio- prolonged physical exercise have shown that the

logical metabolic function of VIP. This is further administration of glucose contributes to the

supported by the rapid decline in the plasma metabolic substrate utilization within 15 min and

concentration of VIP after oral ingestion of that the glucose intake induces an increase in the
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Fig. 2. Glucose-induced changes in median plasma concentration of VIP (pmoi/l)
in a control period (control), on day 5 of a prolonged training course (day 5). and
8 h after the training course was finished (day 6). Group one (A). group two (B).
and group three (C) were exposed to the strain factors as described in Subjects and
Methods. Total range in parentheses. P <0.01 compared with control; P <
0.02 compared with control.

total carbohydrate metabolism with a correspond- synchronously with a decrease in the lipolysis

ing decrease in the lipid mobilization (13). The after nutrient intake.
nutrient-induced decrease in VIP level in plasma The still high post-strain plasma level of VIP

during the strain period might therefore fluctuate on day 6 was most probably due to the calorie
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deficiency of the subjects. Even the subjezts of gian Military Academy and the officers and cadets
the high-calorie group (group two) showed an participating in the course. The skilful technical
accumulating calorie deficiency on day 6 of the assistance of Anita Hansen is acknowledged The
course. On this day. as on day 5 during the course. study was supported by the Norwegian Joint
the glucose ingestion was followed by a decrease Medical Service.
in the plasma level of VIP. Similar to the plasma
concentration of VIP in our investigation, the
blood level of the lipolytic product of free fatty

acids (FFA) has previously been shown to
decrease rapidly on refeeding after starvation
(14). This lends further support to a metabolic
release mechanism for VIP during a prolonged REFERENCES
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Basal hyperchlorhydria and its relation to the
plasma concen-ations of secretin, vasoactive

intestinal polypeptide (VIP) and gastrin during
prolonged strain
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Sumniary

Twenty young men divided into two groups participated in a five day training
course with prolonged and heavy physical exercise, calorie supply deficicncy and
severe sleep deprivation. Basal acid output (BAO) was measured immediately after
the course in seven of ten subjects who were given placebo tablets (placebo group)
and in four of ten subjects who had a daily intake of I g cimetidine (cimetidine-group)
during the course. Median BAO increased 3-fold in the placebo subjects (from 2.7
mmol/h to 8.2 mmol/h) but showed no increase in the cimetidine treated subjects.
The median fasting plasma concentrations of secretin increased 2-8-fold during the
course. Gastric suction for I h or ingestion of cimetidine reduced the plasma
concentration of secretin by approx. 50%. Vasoactive intestinal polypeptide (VIP)
increased 2-fold and was not influenced by reduction of gastric acid. The placebo
group showed a small increase (P < 0.05) in plasma concentration of gastrin on day
two during the course.

The study shows a marked hyperchlorhydria which partly explains the fasting
hypersecretinemia found during prolonged strain. This strain-induced hyperchlor-
hydria could be abolished by treatment with the selective H 2-receptor antagonist
cimetidine.

Address for correspondence Olav Oektedalen. MD. Norwegian Defence Research Establishment. Division

for Toxicology, N-2007 Kjeller. Norway.
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calorie deficiency: gastric acid secretion: gastrin: physical exercise: secretin: sleep
deprivation; VIP

Introduction

Both physical and psychological stress have been shown to cause gastric erosions
in animals [1.2] and are considered to be possible etiological factors of peptic ulcer
disease in man [3]. The gastric acid secretion has been found to increase after severe
trauma and injuries [4.5] and during emotional stress [6.7]. This is in contrast to
physical exercise which appears to diminish the gastric acid secretion [8.9]. During a
previous long-term training course combining heavy physical exercise with calorie
supply deficiency and sleep deprivation, a 3-6-fold increase in the plasma con-
centrations of secretin (10] and vasoactive intestinal polypeptide (VIP) [1I] was
found. Duodenal acidification is the only known physiological stimulant for secretin
rc,,.ase [12], and exogenous duodenal acidification has also been shown to elevate the
plasma concentration of VIP [13]. Furthermore. a feedback mechanism exists by
which acidification of the antrum inhibits the release of gastrin to blood [141. A
recent report indicates increment of gastrin in blood during long-term exercise [I5].
However. during a pre,,ious training course the blood concentration of gastrin was
found unchanged i231. which might he attributed to gastric hyperchlorhydria.
Therefore the present study was undertaken to measure the gastric acid secretion
and its relationship to the blood concentrations of secretin. VIP and gastrin during a
similar long-term training period.

Materials and Methods

Twenty military cadets (between 20 and 30 years of age) participated in a
prolonged training course as a part of their military training program. The course
lasted from Monday night day one) until the following Friday (day five). Subiects
were randomly divided into two groups. From the eening of the second day the
subjects of one group (cimetidine group. n = 10) received I g of cimetidine per day
(200 mg three times daily and 400 mg at night). The other group (placebo group.
n - 10) were given placebo tablets. Heart rate registrations during previous courses
have shown a calorie expenditure from 36000 kJ,24 h to 43000 kJ/24 h and an
average work load of 35r of maximal oxygen uptake [17.I.]. In this stud-, the
majority of heavy physical exercise took place during the first three days. Due to
continuous activities the subjects had only 6-7 h of sleep as a total during the
course.

The daily food intake %aried on the different davs during the course The subjects
consumed k-ration ( 10000 kJ) the first da,. a %karm meal (3400 kJ) in the esening of
the second day, 6 slices of bread (2800 kJ) in addition to .i Aarm meal (3800 kJ) in

the evemng of the third day. and late on the fourth day the,, consumed half a cooked
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chicken (4400 kJ). Intake of water was ad libitum. Due to the heavy physical exercise
the subjects were undoubtably in calorie deficiency and showed a 3 kg reduction in
body weight. Thus the multifactorial strain was composed of prolonged and heavy
physical exercise, calorie deficiency and severe sleep deprivation.

Blood for determination of secretin, vasoactive intestinal polypeptide (VIP),
gastrin. glucose and creatinine was drawn after 12 h fast in a rest period during the
course and in control periods 8 weeks later. Blood sarples were drawn in the
afternoon on day 2 and day 4 and in the morning on day 5 during the course. The
same schedule of sampling was followed in the control experiments. Blood was
obtained 2 h after intake of cimetidine or placebo tablets. In seven of the subjects
of the placebo group the basal gastric acid secretion and the pentagastrin stimulated
secretion of gastric acid were measured. Because of limited laboratory capacity the
basal gastric acid secretion was measured in only four of the subjects of the
cimetidine group.

Measurements of acid production took place immediately after the course, 2 2 h
after the last intake of cimetidine or placebo tablets. The subjects were fasted for
12 h and abstinent from water for 3 h. In control experiments performed eight weeks
later, the subjects had no prior ingestion of tablets. Gastric juice was collected by a
Levine tube fluoroscopically-controlled in position and intermittent suction was
applied. The stomach was emptied as completely as possible during a 10-min period
and the aspirate was discarded. Gastric secretion was thereafter collected in 15-min
portions for I h unstimulated and, concerning the seven subjects of the placebo
group. I h pentagastrin-stimulated (pentagastrin subcutaneously, 6 pg/kg body
weight). Acid concentration was estimated by titration to pH 7.4 using a semi-auto-
matic titremeter (Radiometer, Copenhagen). Blood samples were drawn during acid
measurements of the seven subjects of the placebo group and were obtained before
and after I h aspiration of gastric juice. Samples for determination of secretin and
VIP were collected in ice-chilled glass tubes containing heparin and aprotinin
(Trasylol* 500 KIU aprotinin per ml blood), while samples for gastrin were collected
in glass tubes containing EDTA and aprotinin. Samples were left on ice until
centrifugation. Blood for serum was allowed to clot before centrifugation. Aliquots
of plasma and serum were stored at - 201C. Radioimmunoassays were employed for
determinations of secretin [19], VIP [201 and gastrin (Cambridge Nuclear). The
gastrin assay had a sensitivity of 5 pg/mil and a specific reactivity of 100% with
G-17, 29% with G-34 and 0.1% with secretin. Serum glucose was determined by
hexokinase method (Bochringer. Mannheim, F.R.G.). Serum creatinine was mea-
sured according to Chasson et al. [211 modified by Tagerson and Rebel [22] by
adding EDTA to the creatinine recipient solution.

The results are presented as median with total range in parentheses. Variations in
results within the same group were estimated according to the Wilcoxon signed-rank
test while differences between groups were assessed by Wilcoxon rank sum test.
P < 0.05 was considered statistically significant.
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Results

Basal gastric acid secretion (Fig. 1)
The subjects of the placebo group showed that during the course the volume of

gastric juice was 180% and the concentration of gastric acid 170% of the respective
measurements in the control period. Thus basal acid output (BAO) increased 3-fold
(range 2-17) in the placebo group during the course. In the cimetidine group the
concentration of gastric acid and the basal acid output appeared even lower during
the course than in the control experiment in which no tablets were given.

Maximal gastric acid secti1.ion (Fig. 1)
Maximal gastric acid secretion during the course showed a small but insignificant

increase in the volume and acidity of the gastric juice, while the acid output was
increased (P < 0.05) compared to the control experiment.

Plasma concentration of secretin (Table I)
Secretin concentration in plasma showed 2-5-fold increase (P < 0.001) during the

BASAL GASTRIC ACID SECRETION

153-205))3--79 sI

56--88)

(S ) () &) LB(A)
STIMULATED GASTRIC ACID SECRETION

3 0 - ) 3-1 -,-47)

ISO.

Fig. I. Upper panel: The basal acid secretion was measured after a five-day stress period iopen column)
and in control experiment (hatched column). (A) Seven subjects took placebo tahlets during the stress
period while in (B) four subjects had a daily intake of I g of cimetidine during the stress period
Lower panel: Pentagastrn (6 lgkg body weight) stimulated secretion of gastric acid in seven subjects
who had a daily intake of placebo tablets dunng a 5-day stress period Experiments were performed at the
end of the stress period (open column) and under control conditions 8 weeks later thatched columni

P < 0.01 compared to control period. * P < 0.05 compared to control peril.
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course but there was no significant change in concentration from one day to another
during the course in the subjects of the placebo group. In the subjects of the
cimetidine group an 8-fold increase was found in the plasma concentration on day 2.
After ingestion of cimetidine the plasma concentration decreased by 55-60% (P <
0.01) on day four and day five when compared to day two during the course
(cimetidine group, Table I). The secretin level in plasma was higher in the cimetidine
group than in the placebo group on day 2, while there was no difference in plasma
levels between the two groups on day 4 and day 5 during the course.

Gastric aspiration for I h diminished secretin in plasma by approx. 55% (P < 0.01)
but did not suppress the concentration to values found in the control experiment
(Fig. 2). During the control experiment the decrease in plasma secretin after gastric
aspiration was not statistically significant.

gastric suct on

day fiv# 0--o

(6-20.4) control poiod a---o

o - -. . . -. . -. . -. . -. .-. . -. . . .- . .- .(0-3)

(14-(33)

- ... .. .(37-55)

075s

20

Fig. 2. The effect of gastrc aspiration on the plasma concentrations of secretin. vasoactive intestinal
polypeptide (V IP) and gasmn performed after a 5-day stress period ( ... ) and under control conditons
8 weeks later ( ...... ). Median with total range n parentheses * P < 0.0! compared to presuction value.

..... 2.iThe..effect.of atcapraino h plsm cocetrtin of ec I vIsoacie intinal ,...poyetdeVP ndgan promd fe 5dysrsspnd(--.- adudr oto cniin
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Plasma concentration of VIP (Table I)
This increased approximately 2-fold on day 2 and remained at this level throughout

the course. Neither intake of cimetidine (Table I) nor gastric aspiration for I h
(Fig. 2) changed the plasma VIP concentrations during the course.

Plasma concentration of gastrin (Table I)
Gastrin concentration showed no change during the course apart from a slight

increase in the placebo group on day 2 (P < 0.05).

Serum concentration of glucose (Table I)
Glucose was unchanged apart from a small decrease (P < 0.02) in the placebo

group on day 5 during the course.

Serum concentration of creatinine (Table I)
Creatinine showed values within the normal level but with great individual

variations. The concentration increased slightly in both groups (P < 0.05) on day 2
and day 4 during the course. The cimetidine group showed higher (P <0.05)
concentrations than the placebo group measured on day 2 and in the control
experiments.

Discussion

Our study has shown that basal gastric acid secretion is considerably increased
when man is exposed to a prolonged period of multifactorial stress comprising
long-term, heavy physical exercise, calorie supply deficiency and sleep deprivation.
Interestingly, the rise in the volume of acid and the rise in the concentration of acid
contributed approximately equally to the overall increment in acid secretion. Al-
though the efficiency of the aspiration was not evaluated, these findings seem to
exclude reflex from the duodenal content. There are no previus reports on acid
secretion from the stomach during this kind of activity, but tl.c result accords with
the augmented secretion found in man during emotional stress [6,7] while it is at
difference with the decrease in secretion noticed during physical exercise [8.9]. The
reason for the increment in gastric acid secretion during prolonged, multifactorial
stress seems difficult to explain. However, a stress-induced increase in the tonic
vagal activity which is assumed to take part in the spontaneous acid secretion (141
might be responsible for the increase. Indirect support for this assumption is that the
fasting blood concentration of human pancreatic polypeptide (hPP) has been found
to be increased 2-3-fold during a similar training course [23], and Schwartz et al. [16
1 found a positive correlation between fluctuation in spontaneous acid secretion and
fluctuation in plasma PP concentration which he suggested was vagal mediated.
Ingestion of cimetidine, a histamine H -receptor antagonist, prevented any increase
in basal acid secretion. This indicates that the stimulus for the augmented acid
secretion is histamine dependent and that prolonged stress in man might be
accompanied by an increase in the release of histarrune from gastric mucosa as
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interpreted in duodenal ulcer patients [24]. Furthermore, it has been shown that the
mucosal histamine release is vagal mediated both in duodenal ulcer patients [25] and
in stressed rats (26]. However. the blocking effect of cimetidine on the acid secretion
could also reflect the increase in the sensitivity of the histamine H2-receptor which
has recently been reported in training rats [27] and suggested in duodenal ulcer
patients [28). The augmented secretion of gastric acid is hardly mediated by gastrin
since that hormone was unchanged on day 5 even after the acid was aspirated.

The neural and hormonal stimulator- mechanisms on the gastric secretory cells
are closely interwoven. Vagal stimulation of gastric secretory cells has been shown to
potentiate the gastric secretory response to exogenous gastrin in animals [29], but
this effect does not appear important in our investigation since the pentagastrin-
stimulated secretion of gastric acid was only slightly augmented from the measure-
ments in the control period. Neither is the small decrease in fasting blood glucose
found immediately prior to the acid measurements a reasonable explanation for the
increase in secretion of gastric acid [30]. Several lines of evidence indicate that the
acid secretion is inhibited by norepinephrine [31] as well as by epinephrine [32] and
stimulation of the sympathetic nervous system [33]. It is therefore noteworthy to find
the gastric acid secretion highly augmented in spite of the increase in the sym-
pathetic tone previously recorded during a similar training course [34].

The concentration of secretin in plasma is regulated physiologically by endoge-
nously produced acid [12]. In our study the increase in fasting plasma secretin
concentration was in part explained by the basal hyperchlorhdna. Gastric aspira-
tion for I h reduced the fasting secretin concentration in plasma by 555 and the
same reduction was obtained after ingestion of cimetidine which prevented an",
increase in gastric acid secretion. This contrasts to the finding in the subjects of the
placebo group who showed no change in the plasma secretin concentration on the
different days during the course. The plasma secretin concentration on day 2 during
the course was higher in the cimetidine group than in the placebo group. This could
possibly explain the lack of change in plasma concentration between the two groups
on day 4 and day 5 during the course.

Though the fasting hyperchlorhydria contributes to approximatel-, one half of the
hypersecretinermia found dunng prolonged strain. it is still uncertain what the other
stimulus might be. Prior studies report an increase in plasma secretin concentration
during prolonged physical exercise [35] and during starvation [36.371. Hoever.
calorie supply and 8 h rest did not influence the 5-fold increase of secretin in plasma
previously found during strain [10]. The hypersecretinemia can hardl, be explained
by a decrease in the elimination of secretin by the kidneys since the blood
concentration of creatinine indicated a normal renal function. Ingestion of cimell-
dine induced a slight increase in the serum concentration of creatinine which is in
agreement with a previous finding [38]. Control experiments demonstrated that all
measurable secretin in plasma was removed after immunosorption b,% specific
secretin antiserum (5591-7) [19]. Consequently the increased concentration of secre-
tin immunoreactiviVt in plasma is not caused b- 'non-specific' plasma artifacts.

The concentration of VIP in plasma showed a smaller increase than reported from
a previous training course [1I]. VIP has been considered a "polpepiide of substrate
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need". and the difference in c;.ilorie supply with a smaller calorie dleficienc\ in this
study as opposed to the prior stud% might explain the difference in the plasma
concentration. The plasma concentration of VIP was not influenced by endlogenous
acid.

In conclusion, the study has shown that multifactorial stress is followed by
increased secretion of gastric acid and that the augmented production of gastric acid
can in part explain the hypersecretinemnia found in man during prolonged stress.
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Oktedalen 0. Opstad PK. Jorde R. WValdum H The effect of prolonged strain on

serum levels of human pancreatic polspeptide and group I pepsinogens Scand
Gastroenterol 1983. 18. 06-.i8

Twenty-four Young male subjects participated in a 5-da, training course with long-
term phssical exercise 05 r of Vo-,,,w. calon, suppls deficiencY intake of approx-
imatels 63W)kJ 2-1 h. against a combustion of approximatelh 40.00W UJ 2I4 h). and
severe sleep deprivation 12 h of sleep as a total during 5 da"s The subjects were

divided into three groups; one group (no. = 7) had no compensation for the stress
factors, another group (no. = 8) compensated for the calorie deficienc%. whereas a
third group (no = 9) partly compensated for the sleep deprivation Fasting serum

concentration of human pancreatic polypeptide (hPP j and group I pepsinogens i PGI)

were measured immediatels before the course, every morning during the course.
and 8 h after the course. In addition, the serum response of hPP to a test meal was
measured on day 3 daring the course and in a control study performed 8 'eeks later
The fasting serum concentration of hPP showed a two- to three-fold increase during
the course in the low-caloric but not in the iso-calonc subjects The serum concen-

tration of hPP was decreased to pre-course levels after 8 h of rest. The postprandial
hPP response was elevated in all the subjects during the course, with a greater
increase in the low-caJonc subjects than in the subjects with calorie balance Serum
concentration of PGI was 10-30% decreased during the course, and the levels were

normalized after 8 h of rest after the course The study shows that the function of

the hFP cell and the chief cell is influenced by prolonged. multifactorial strain.
Especially calorie deficienc appears to affect the release of hPP

Kei words Exercise, physical: human pancreatic polypeptide. group I pepsinogens:
sleep. deprivation. starvation

Olar Oktedalen. M D . Dit rion for Toxicoiogy. Norwegian Defence Research Estab-

hshment. N-2007 Kieller. .orwa ,

The human pancreatic polypeptide (hPP) is con- Furthermore. there are reports of augmented

sidered a gastrointestinal hormone, but its physio- blood levels )f hPP during long-term phssical

logical role has not yet been established. It is well exercise (4-6,. and Berger et al. (7.8) found that

documented that the secretion of hPP is stimu- the hPP release during exercise was caused by

lated by food ingestion (1, 2). However, studies beta-adrenergic activation.

have also shown a rise of hPP in blood in the During a long-term training course with pro-

inverse situation of prolonged fasting (3. 4). In longed heavy physical exercise. calorie supply

fasting experiments plasma hPP shows circadian deficiency. and severe sleep deprivation and dur-

vanations, with higher concentration in the eve- ing which the adrenaline concentration in blood

ning than in the morning (3. 4). This overnight increased two- to six-fold (9). we found a 20t-

fall in plasma hPP level might be associated with 300% increase in the fasting blood concentration

sleep (3). of hPP (10). In addition. dunng a similar course
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%,e also recorded a threefold increase in the basal The calorie expenditure dunng the course was
gastric acid secretion (11). This gastric hyper- estimated to range from 36.100 to 42.800kJ 24h
chlorhydria might be associated with an aug- 114, 15) Thus groups one and three had a large
mented blood level of group I pepsinogens PGI) calorie deficienc, of 29,400-36,50 2 k'24 h.
since there exists a positive correlation between whereas those in group two had minimal calorie
high gastric H- secretion and serum PGI (12). deficiency. The cadets of group two showed no
Starvation has also been shown to increase the significant weight loss. while each cadet in groups
serum PGI (13). In view of these effects on hPP one and three had a median weight loss of 4.5 kg
and PGI in blood, this study was designed to during the course.
investigate what influence long-term physical Blood for determination of hPP and PGI was
exercise, calorie supply deficiency, and severe drawn after an overnight fast immediately before
sleep deprivation separately exert on the fasting the course started (day 1), every morning during
serum level of hPP and PGI and on the post- the course, and finally after 8 h of rest after -

prandial hPP release during a similar prolonged course (day 6). The effect of a test meal on the
training course. hPP release was studied on day 3 duning the

course (day 3) and in a control period (control)
8 weeks after the course. The test meal (2200 k)
consisted of one egg, two cheese sandwiches, and

Twenty-four military cadets of the Norwegian 200 ml of milk and was consumed within 3 mim.
Military Academy participated in a 5-day training Blood was drawn from an indwelling cannula
course that lasted from Monday (day 1) until the 15 min before (-15) and 15. 30. 60. 90, and

following Friday evening (day 5). The subjects 120 min after starting ingestion of the meal. Blood
were randomly divided into three groups (group was allowed to clot at room temperature before
one, no. = 7, median age 23 years. range 22-24 centrifugation. Aliquots of serum were stored at
years; group two, no. = 8, median age 24 years, -20*C until radioimmunoassay of hPP (161 and
range 22-26 years and group three, no. = 9, PGI (17).

median age 23 years, range 21-25 years). All the
cadets were in excellent mental and physical con- Statistics

dition with no history of gastrointestinal disease. The results are presented as medians, with
They were exposed to prolonged heavy physical interquartile range in parentheses Variations in
exercise, previously estimated to be approxi- results within the same group were estimated bv
mately 35% of their maximal oxygen uptake the Wilcoxon matched-pairs signed-rank test,
(14t, 15). The subjects of groups one and two had whereas differences between groups were

only 1-2 h of sleep as a total during the course assessed by the Mann-Whitney U test. The inte-
(14. 15). whereas the subjects of group three reg- grated hPP response was calculated by trapeze
ularly got 3 h of additional sleep each night. The integration with the r-!-stimulatory concentra-
subjects of groups one and three were exposed tion subtracted. p values , !ss than 0.05 were con-
to large calorie deficiency, whereas the cadets of sidered significant.
group two were almost in calorie balance. The
daily basic food intake for each cadet consisted
of 95 g protein, 65 g fat. and 125 g carbohydrate. RESULTS
corresponding to approximately 6300 kJ. The
subjects had free access to water. In addition, Human pancreatic polvpeptide
each cadet in group two was given a special com- The fasting serum concentration of hPP was
pound diet containing 105 g protein, 125 g fat, greatly increased during the course. The highest
and 1230 g carbohydrate. This diet was given as increase was observed in groups one and three
soup, orange juice, cocoa and milk shake and on day 2 (240% increase in group one and 280%
represented approximately 27,000 kJ/24 h. in group 3; 1301% increase in group two) with a
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Table 1. The fasting serum concentration of human pancreatic polypeptide (hPP. pmoL') and group I pepsinogens
(PGI. ug, ml) immediately before (day 1). during (day 2 until day 5). and 8 h after (day 6) a prolonged training
course. The subjects of group one were exposed to prolonged, heavy physical exercise, calorie supply deficiency.
and severe sleep deprivation. Groups two and three were similar to group one except that the subjects of group
two were nearly in calorie balance and that the subjects of group three got 3 h additional sleep every night during
the course. Median values with interquartile range in parentheses

Day I Day 2 Day 3 Day 4 Day 5 Day 6

hPP Group one 9 20' 9 14- 13 7
(5-11) (17-35) (7-19) (8-27) (9-19) (7-12)

Group two 9 11' 6 7 9 3
(6-12) (8-18) (2-6) (0-14) (0-10) (0-7)

Group three 7 20' 10 19" 15 8
(6-23) (14-41) (5-21) (9-23) (11-20) (6-14)

PGI Group one 128.7 87.7- 98.2' 99.8* 113.9 139 7
(100.2-141.8) (73.8-108.0) (83.1-134.3) (71.9-148.5) (99.3--163.7) (136.0-175.8)

Group two 140.2 126.0' 128.0' 108.6' 112.3' 155.1
(i14.6-162.8) (87.4-146.0) (115.2-130.1) (91.4-130.1) (90.0-119.5) (149,9-1894)

Group three 109.5 90.5" 92.3' 87.1' 93.0' 110.9
(104.6-157.9) (75.0-107.9) (73.9-116.9) (68.5-137.3) (66.3-137 7) (84.3-157.6)

P < 0.05 compared with day 1.

smaller increase later during the course (Table DISCUSSION
I). The iso-caloric group (group two) showed no
increase in fasting serum concentration except on This study has shown a two- to three-fold increase
day 2 of the course (Table I). The serum con- of fasting hPP concentration in serum and a small
centration was decreased to pre-course levels decline in serum PGI during long-term strain
after the cadets were given an 8-h rest at the end including starvation in man. The fasting serum
of the course (day 6, Table I). There was greater concentration of hPP was only slightly increased
absolute increase in the serum concentration of when the subjects were in calorie balance, and
groups one and three compared with the values both serum hPP and serum PGI returned to
in group two on days 4 and 5 during the course. pre-course values after 8 h of rest. Our hPP results

Ingestion of a meal induced a rapid and large accord with previous findings dunng physical
release of hPP both during the course and in the exercise (4-8). dunring fasting (3. ,1. 13). and dur-
control experiment (Fig. 1). All the groups ing a similar training course (10). It is evident
showed higher postprandial serum concentrations that both physical exercise and starvation raised
of hPP during the course than in the control the fasting hPP level in our study, since the con-
experiment (Fig. 1). For all the groups the inte- centration normalized after 8 h of rest and since
grated hPP response (ihPPR) to the meal was a greater increase was found in the low-caloric
elevated during the course compared with con- group! than in the iso-calonc group. Recent
trol, and the response was greater (p < 0.03) in investigations have shown that the secretion of
groups one and three than in group two. hPP is augmented by adrenergic actiation 18).

which is greatly increased during this kind of
Group I pepsinogens training course (9). This might indicate that the

The fasting serum concentration of PGI showed increase in fasting serum concentration of hPP in
a significant decrease of 10--30% during the course our stud' is caused by an alteration in the svm-
(Table I). After 8 h of rest (day 6) the serum pathetic tone. However. small differences were
concentration reached the pre-course levels, found in the plasma level of adrenaline between
There was no difference in change of levels the food-deprived and the iso-calonc subjects
between the groups. during a similar training course (Opstad et al
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unpublished observation), Schwartz et al. (19) subjects than in the subjects in calorie balance.

have shown that the basal hPP secretion is regu- The blood concentration of hPP has been shown
lated mainly by tonic vagal activity. Furthermore, to rise both during fasting (3. 4) and feeding

they also found covariation between the gastric (4, 20). It remains speculative whether these stim-
acid secretion and the blood concentration of uli together potentiate the activity of the PP cell.
hPP, which they proposed was due to variations Serum PGI reflects the gastric H* secretion
in the vagal activity. In a similar training course (25) and has been found to be increased in
we found a threefold increase in the basal gastric Zollinger-Ellison (12) and duodenal ulcer patients

acid secretion without any hypergastrinemia (11). (12) showing increased gastric acid secretion.
indicating an increase in the vagal tone. It is Despite the previous finding of a threefold

therefore tempting to suggest that the increment increase in the basal gastric acid secretion during

in serum hPP concentration in our study is vagally a similar training course, the serum PGI concen-
mediated. tration in our study was rather decreased through-

Ingestion of the meal provoked an augmented out the experiment.
integrated hPP response (ihPPR) during the It is reasonable to suggest that the prolonged
strain, with higher postprandial output in the strenuous exercise accounts for the decrease in

low-caloric subjects than in the iso-caloric sub- serum PG1 in our study, because all the subjects
jects. The release of hPP after a meal is highly were exposed to long-term physical exercise,
vagal-cholinergic-dependent (2, 20). During a because there was no difference of change in

previous similar training course elevated post- serum PGI between the groups, and because the
prandial serum levels of hPP were also reported. serum PGI returned to the pre-course value after

but ihPRR was not altered from control experi- 8 h of rest. It is interesting that the calorie balance
ment (10). It was recently shown that subjects did not exert any influence on the serum PGI
with elevated basal concentrations of hPP in blood concentration in this experiment, although a slight

elicit a smaller hPP response to further vagal increase in the serum concentration has been
stimulation than subjects with low basal hPP con- reported during prolonged fasting (13). The rea-

centration (21). Therefore. the discrepancy in the son for this decline in serum PGI during pro-
ihPPR result might be explained by the difference longed multifactorial strain is difficult to explain.
in the serum level of hPP before the meal inges- It can hardly be ascribed to the gut-hormonal
tion, since this level was increased threefold in profiles during prolonged strain (11). since this
the former (10) but was unchanged in this study. should rather enhance the serum concentration
Moreover. the change in responsiveness to a solid of PG. The results indicate hypoactivity of the
meed .gested dunn strain may be at variance chief cells during strain, but without any damage
wah Ir to a liquid meal that was given during of the cells themselves, as in gastntis (26).

the p, _-. ious training course (10). Previous reports In conciusion, the study has shown that both

indicate that the major part of the hPP response the fasting and the food-stimulated release of hPP

to eating is caused by the presence of food in the in serum are greatly increased in man exposed to

gastrointestinal tract and that chemical receptors prolonged, multifactonal strain. Further. a
within the stomach (20). the duodenum (22, 23), decrease in the serum PGI concentration was

and the intestine (23) play an important role in found. even though a recent report indicates gas-
the prolonged second phase of the postprandial tnc hypersecretion during this kind of strain.
hPP release. One might assume that the decrease

gut motility occurring dunng exercise (24) ACKNOWLEDGEMENTS
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Fig 1. Left: The release of human pancreatic polypeptide i hPP) after food stimu-
lation in a control experiment (controlI and on das 3 (da, 31 of a prolonced training
course. The subjects of group one (A). group two (Bi. and group three (C) were
exposed to the stress factors as shown in Table I Right The integrated postprandial
response of hPP (ihPPR) measured over 121)mm min a control experiment (open
column) and on day 3 of a training course (hatched column) Median ',alues
"P < 0.005 compared with control. -P < 005 compared wth control
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The Fasting Levels and the Postprandial Response of
Gastroenteropancreatic Hormones before and after
Prolonged Fasting

0. OKTEDALEN. P. K. OPSTAD. H. WALDUM & R. JORDE
Division for Toxicology. Norwegian Defence Research Establishment. Kjeller. and
Laboratory of Gastroenterology, University Hospital of Tromso. Tromso. Norway

Oktedalen 0, Opstad PK, Waldum H. Jorde R. The fasting levels and the post-
prandial response of gastroenteropancreatic hormones before and after prolonged
fasting. Scand J Gastroenterol 1983, 18, 555-560.

The effect of a prolonged 5-day fast on the blood concentrations of %asoactive
intestinal polypeptide (VIP). secretin, human pancreatic polypeptide (hPP), gastrin.
and group I pepsinogens (PG 1) was studied in II healthy subjects During the fast
there was a marked increase in the concentrations of VIP. secretin. and hPP. whereas
the rise in the concentrations of gastrin and PG I was less pronounced. Refeeding
suppressed the increased concentration of VIP and caused elevated postprandial
concentrations of secretin and hPP, whereas starvation did not influence the post-
prandial release of gastrin and PG 1. The study shows that prolonged starvation has
a pronounced ffect on gut endocrine responses.

Key words Fast: gastrin: glucose; meal: pancreatic polypeptide (PP): pepsinogen I
secretin: vasoactive intestinal polypeptide (VIP)

Olav Oktedalen. M.D. Norwegian Defence Research Establishment. Di'sion for
Toxicology. V.2007 Kleller. Norwav

Starvation causes changes in intestinal structure the postprandial pattern of release of these hor-

and function. Prolonged fasting in animals mones was recorded both before and after the
induces atrophic changes in the intestinal mucosal fasting period.
architecture ( 1-3). diminishes the intestinal disac-
chandase activity 14.. 1. and decreases the num- SUBJECTS AND METHODS
her of antral gastrin cells (0. ") In starving man
the ultrastructure of gastin-producing G cells Eleven healthy young men (between 22 and 40
Ol and acid-producing parietal cells (91 shows years of age. mean body weight. 76.9 = 3.2 kg)
signs o hvpoacti itt Further. the pancreatic gave their informed consent to participate in an
'eighr and ex,,crine function appear to be experiment with 5 days of absolute fasting while
reduted hs nitralumiral but star' ation 1 0. 11) performing their usual work at a research lab-

mnatrintestinal and pancreatic hormones are oratorv. They had free access to water Before

.1iirtla in !he regul atin t the,,e trophic and the experiment the subjects consumed a normal

trni. ,hantes It Aas therefore considered diet of approximately 35 kcalkg body %,eight.

,t rererst !, meiture !he piasma concentrations consisting of 35r fat, 12' protein, and 53'
t is aT t'r t stinaip ls peptlde IIP) secre- carbohydrate The subjects had a mean weight

in and gatrri in idditiwn to the serum concen- loss of4 9kg during the fast Blood samples were
tratin, It eiJn',,en I iP(7 1 and human pan- drawn eserN morning during the period. To study
rearti pq iipeptide fhPP i during a -da, period the influence of starvation on the postprandial

,ot isolute atina To, esaluate the tuncrrial release of the gut hormones, a liquid meal

nteirits it the ilut after prolonged starxation. (Q) kcal) consisting of one egg and 81)g of Bio-
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sorbin (Phnmmer. Erlanger, FRG) dissolved in concentration subtracted. p values less than 0.05
400 ml of milk was given in the morning after 12 h were considered statistically significant.
of fasting on day I and, after 5 days of fasting,
on day 6. Blood was drawn from an antecubital RESULTS
vein 15 (-15) rnn and immediately before (0)
and 30, 60, 90, 120, and 150 rin after the start Vasoactive intestinal polypeptide
of the meal. The plasma concentration of VIP increased

Blood samples for VIP were collected in hep- during the fast, with a small rise (p < 0.05) on
arinized ice-chilled tubes containing aprotinin day 2 and a fivefold increase on day 6 (Table 1).
(Trasylol®; 500 KIE aprotinin per milliliter Refeeding on day 6 suppressed the plasma con
blood), whereas plasma for gastrin and secretin centration of VIP after 30 man. and the plasma
were collected in EDTA tubes containing apro- concentrations found in the control experiment
tinin and left on ice until centrifugation. Blood were reached after 60 min (Fig. 1).
for preparation of serum was left at room tem-
perature until centrifugation. Aliquots of plasma Secretin
and serum were stored at -20"C until radio- The plasma concentration of secretin, meas-
immunoassay determination of VIP (12), secretin ured by the method of Burhol & Waldum (14),
(13, 14), hPP (15), PG 1 (16), and gastrin. increased during the fasting period and showed

In our hands the radioimmunoassay of VIP has the highest level on day 2 (Table I). Ingestion of
a sensitivity of 2.5 pmol/l, an intra-assay precision a meal induced on day I an increase (p < 0.02)
of 9.8%, and an inter-assay variation of 20.2%. in the plasma concentrations 60 min after onset
Plasma gastrin was measured by using a kit (Cam- and on day 6 throughout the experiment (p <
bridge Nuclear) with a sensitivity of 5 pg/ml and 0.03) (Fig. 1). The postprandial plasma concen-
showing 100% reactivity for G17, 29% reactivity trations on day 6 were significantly higher than
for G34, and 0.1% cross-reactivity for secretin, on day 1, except for the 150-min registration.

Serum glucose was determined by the hexo- The plasma concentration of secretin in one
kinase method, using a kit (Boehringer, Mann- fasting subject was compared as measured by
heim, FRG). the method of Schaffalitzky de Muckadell &

The results are presented as mean = SEM. The Fahrenkrug (13) and by the method of Burhol
significance of the differences induced by the fast & Waldum (14). By the former method (13) the
was evaluated by the Wilcoxon's matched pairs fasting plasma concentration increased 19-fold

signed-rank test. The integrated peptide response after 5 days of fasting. and the change was sup-
was calculated by trapeze integration from zero pressed by a meal (Fig. 2). By the method of
to the 150-min sample, with the prestimulatory Burhol & Waldum. however, the fasting plasma

Table I The fasting plasma concentrations of vasoactive intestinal polypeptide (VIP). secretin. and gastrin together
with the fasting serum concentrations of pepsinogen I (PG 1). human pancreatic polypeptide (hPP). and glucose
were measured on separate days dunng 5 days of fasting

Day t Day 2 Day 3 Day 4 Day 5 Day 6

VIP. pmolil 40 ± 1.0 7.9 ± 1 5' 15.1 = 1.9t 18 7 ± 2.1t 19.7 _t 2.6t 21 9_ 3
Secretin. pmoOl 3 8 t 1.0 7.5 ± 1.9t 6.1 = 1.4± 57 ± 1.3t 5.6 :t 1.4t 5 7 1 3*
Gastrn. pg'ml 241 -- 33 30 ± 3.1± 29.1 32t 288 t 31+ 28.5 = 39* 236 29
PGI. ngml 774:92 806±62 810±114 868±9 1 896: 12 1' 860 125
hPP. pmolA 104-1 9 295t44±4 368±t69t 293"-57t 398 66331 5-65;
Glucose. !mol 4.5 =0.1 41-t01* 35-01" 34±01: 33:00I 33 0 1,:

p < 0 05 compared with day I
p < 0 02 compared with day I
p < 0 005 compared with day I
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16 study showdthat the plasma concentration of VIP
E 14 . was fivefold increased after 5 days of fasting and
12. i\  was suppressed by refeeding. which should indi-

10 o cate some metabolic influence of VIP during

a I negative calorie balance in man. It is of interest

6 , that the plasma concentration of VIP has not
4 I been found to increase after fasting in obese sub-

2jects (21). who are suggested to have a state of

0' impaired fat mobilization (22).
15 0 30 6t 90 120 150 Plasma secretin determined by a double-anti-

# mini
Mibody separ? :on technique (14) was elevated dur-

Fig. 2. The fasting and meal-induced changes in the ing the ast, which is in accordance with prior

plasma concentration of secretin in one subject exposed studies by Henry et al. (23, 24) and Mason et al.
to 5 davs of absolute fasting. The RIA method of Burhol (25) but in contrast to the results of Greenberg
& Waldum (- ) and the RIA method of Schaffalitzky & Bloom (26). The discrepancy in the plasma
& Fahrenkrug (- - -) were used for the same subject. concentration of secretin during prolonged fasting

has been proposed to be explained by assay inter-
ference of lipolytc products (26) However, ltpids

Human pancreatic polypeptide have been shown to interfere only with the
The serum concentration of hPP increased from double-antibody technique (27). In our study one

three- to four-fold during the fast. Ingestion of fasting subject showed an even more marked
the meal induced rapid and large increases in the increase in plasma concentration when plasma
serum concentrations in the control expenment secretin was determined by a radioimmunoassav
and on day 6 (Fig. 1). The postprandial serum method using charcoal separation (13). Immu-
concentrations were higher on day 6 than on day nosorption expenments show no interference of
1 (Fig. 1). Ho%%.ver, the mean integrated hPP plasma lipolytic products in this secretin assay
response after the meal was not influenced (Scnaffalitzky de Muckadell, unpublished). It is
by prolonged fasting (5.5 nmolr mm/ and therefore unlikely that the rise in plasma secretin
7,2 nmol rmniIl over 150 min on day 1 and day 6, may be attributed to unspecific interference with
respectively (p > 0.05)). the separation procedure.

Using the method of Burhol & Waldum (14),
Glucose refeeding caused a late nse in plasma secretin.

The serum glucose concentration fell during On the other hand. in one fasting subject refeed-
the fast (Table I). and ingestion of the meal on ing caused a sharp fall in plasma secretin when
day 6 induced glucose intolerance (Fig. 1). measured by the method of Schaffalitzk, de

Muckadell & Fahrenkrug (13). This observation
DISCUSSION is in agreement with our prior finding in healthy

subjects dunng fasting accompanied by severe
This study shows that a prolonged fast in man strain (28), The effect of refeeding on plasma
affects both the basal level and the postprandial secretin after a prolonged fast therefore appears
release of several gastrointestinal hormones. to differ when using these two different radio-

VIP has a widespread neuronal distribution in immunoassays. It is tempting to speculate that
the body but is mainly localized to the gut (17). the plasma extraction procedure may be the
It is considered to have a role as *a polypeptide cause of the discrepancy Nevertheless. our
of substrate need' and has previously been found results support the growing evidence that plasma
to increase dunng prolonged physical exercise secretin is increased after a prolonged fast.
(18, 19) and prolonged strain (20). leading to In contrast to the finding b% Uvnas-Wallensten
severe calone deficiency. In accordance, our & Palmblad (29) our study showked a small but
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significant (p < 0.01) increase in the plasma con- subjects euglycemic (42). This indicates that in
centration of gastnn during prolonged fasting. our study the serum level of hPP is augmented
However, the response of plasma gastrin to a as a consequence of the metabolic changes
standard meal was not altered by starvation, in induced by the fasting rather than by the intra-
accordance with the findings of Henry et al. (24). luminal starvation of the gut.
Previously, adrenalin (30), growth hormone (31), Finally, our study confirms previous findings
and hypoglycemia (32) have been shown to (24, 43) that feeding after starvation causes
enhance the gastrin release. It was therefore not hyperglycemia.
surprising to register an increase in the fasting In conclusion, the study shows that the fasting
plasma concentration of gastrin in our study witn and postprandial gut endocrine response in man
hypoglycemia. Moreover, the levels of adrenaline is well maintained and rather increased after a
(29) and growth hormone (33) are both expected prolonged starvation period.
to be increased by fasting. The discrepancy
between our results and those of Uvnds-Wallen-
sten & Palmblad might be attributed to a differ-
ence in the gastrin molecular specificity measured
by the two RIA methods.

Serum PG I reflects the total amount of pep- The skillful technical assistance of Liv Eliassen
sinogen I stored in the chief and in the neck cells is acknowledged. The authors are grateful to Jan
of the gastric mucosa (34). There are no previous Fahrenkrug for his generous gift of the VIP
reports on PG I during a prolonged fast. The PG antibody used in this study and to Oe Schaffal-
I values in this work are lower than previously itzky de Muckadell for the measurement of secre-
reported by Waldum et al. (36) because we used tin. The study was supported by the Norwegian
a new standard with higher potency. The finding Military Joint Medical Service.
of a small increase in basal serum PG I on days

4 and 5 but not on day 6 in our study indicates
that the chief cells and the neck cells are well
preserved and not damaged as in gastritis (35). REFERENCES
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Responses of Vasoactive Intestinal Polypeptide,
Secretin. and Human Pancreatic Polypeptide to
Glucose during Fasting

" OKTEDALEN. P K. OPSTAD. R JORDE &
o B SCHAFFALITZKY DE \RLCKADELL
Norwegian Detence Research Establishment, Division for Toxicology.
Kieller. and Laboratorv ot Gastroenterology%. Tromso. Norua%. and
Dept of Clinical Chemtstr%. Bispebjerg Hospital. Copenhagen. Denmark

Oktedalen 0. Opstad PK. Jorde R. Schaffalitzk% de kluckadell OR. Responses of
sasoactis'e intestinal pol -peptide. secretin. and human pancreatic pol~peptide to
glucose during fastine Scand I Gastroenterol 1984. 19. 5--ha

The plasma concentrations of vasoactive intestinal pol~peptide (VsIP) and secre!tin
and the serum concentration of human pancreatic polspeptide (hPP) %ere measured
in nine health ' subjects during a 4-day fast, The fast induced a considerable increase
in the concentrations of VIP and secretin but only a small increase in the concentration
of hPP The intravenous infusion of 50 g glucose and the oral ingestion of 51) a glucose
temporarily suppressed the high concentrations of VIP and secretin. Consersel.%
hPP responded with a slight decrease in blood concentration after the intravenous
infusion and with a modest increase after the oral ineestion. The studv shows, that
glucose suppresses he high blood concentrations of VIP and secretin Jurine
starvation independent of the route of glucose administration. In addition. the resalts
indicate that the blood concentration of hPP is not directIN related to the blood
glucose concentration during prolonged fasting

Keyv words. Fasting. glucose human pancreatic polypeptide (hPP), secretin. saso-
active intestinal polypeptide (VIP)

Olav Okiedalen, W.D .Nor-eqian Defence Retearch Esiablishmen. Diitotson for
Toxicologv. .N-2007 Kleller, NorwaY

The gastrointestinal pepttdes vasoacttve intestinal exercise (121 are suppressed on refeedine. HPP
polypeptide (VIP) ( I). secretin (2. 3). and human serum levels are known to be stimulated b\
pancreatic polvpeptide (hPPI 14. 5) have possible hypoglycemia ( 13. 14) and reduced b,, hvpergly -
physiological functions in the regulation of the cemia ( 15. 16). These hndings indicate a reia-
exosrine pancreas Moreover, the evidence that ttonship between hPP and carbohydrate metab-
these peptidles also have metabolic roles is accu- olism. Star\vation in man alters glucose
mulating. VIP1 and secretin. grouped together in metabolism WI) and induces other metabolic
the secretin family because of structural hom- changes (18). VIP-containing nerve fibers ale
ology. exhibit lipolytic l6,. Lgluconeogenetic mainly localized to the gastrointestinal tract (IL
(81. and glvcoizenolvtic (S) actions in vitro. Fur- This, together with the finding of secretin pro-
thermore. both hormones are significantly elev- ducing S-cells in the duodenal and jejunal mucosa
ated when man is in negative caloric balance t20),. makes it of interest to insestihcate sihether
I 9. 10) The high plasma levels of VIP and secretin the inhibitory effect 5)1 glucose oin the blood con-
induced by fhstingz (1. 111 or by long-term ph\ysical centrations oit VIP and secretin duriniz fastingz is
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dependent on a direct mucosal contact of glucose. 500 KIU aprotinin, ml blood). Blood for prep-
Furthermore. we wanted to stud, the effect of aration of serum was left at room temperature
star'tng on serum hPP. until centrifugation. Aliquots of plasma and

serum were stored at -20-C until determination

MATERIALS AND. MIETHODS of VIP(21). secretin (22), and hPP423) by radio-
immunoassa,,. Serum glucose concentrationt "as

Nine healthy subjects (five men, median age 32 determined by a hexokinase method (Boehringer.
years, range 28-38 years: four women, median Mannheim. GFR).

aged 32 years. range 21-43 years) gave their Statistics. The results are presented as medians
informed consent to participate in a 4-day abso- with the interquartile range in parentheses The
lute fast, while performing their daily work at a significance of differences induced by the 13:1. ,

research laboratory. The subjects had free access the glucose stimulations was elevated by the WVi-
to water and were given salt Lablets dunng the coxon's matched pair signed-rank test. P values
fast. At the end of the period a median loss of less than 0.05 were considered statisticall,
3.0kg body weight (range 2.0-4.2kg) was significant.
recorded.

Blood was obtained from an antecubital vein. RESULTS
and was drawn every morning during the period.
On day 2 of the fasting period the subjects were Vasoactive intestinal polvpeptde. The plasma
given 230 ml of plain water, which was consumed levels of VIP increased nearl\ threefold during
within 2 min. The effect of 50 g glucose loading the prolonged fast. The VIP concentration
on the blood levels of VIP. secretin, and hPP was reached its highest point on day 2 and remained
studied on 2 separate days during the fast. On constant for the duration of the fast (Table 1l.
day 3 an intravenous glucose infusion (0.6g, min The ingestion of water on da\ 2 evoked no
for 90min. 12.5% solution) was given. and on change in the plasma concentration of VIP
day 4 a 50-g oral glucose tolerance test (50g (Fig. 1).
glucose in water, total volume of 230ml. con- The intravenous infusion of 5( g glucose on d.:
sumed within 2 mm) was performed. 3 and the oral ingestion of SO g glucose on di\

Blood was drawn 15. WO. and 90 min after water 4 of the fasting period provoked the same profile
ingestion on day 2: after the glucose loading on of changes in the plasma level of VIP In both
days 3 and 4 blood was obtained at 15. 45. N). cases VIP levels in plasma were decreased .I5 min
W-). 120. 180, and 240 min. Blood samples for VIP after glucose.
and secretin were collected in hepannized ice- The greatest decrease occurred 90-12)min
chilled tubes containing aprotinin TrasvlolsK after loading

Table I The fasting blood concentrations of vasoactixe intestinal poipeptide VIP. pmot, ). secretn (moL I
human pancreatic polvpeptide 4hPP. pmotl). ari hlood glucose immolL in health% men (no = -awer an
oernight fast (dav Ii. after a .6-h fast tday 2) after a N)-h fast Ida 3). and after an -i-h a,f , das II

Da, I Da% 2 Da% I Das a

VIP 39 -,.
(3 -.5 1 C -12 Of C -10 3) 3--2 11

Secretin I ) 3 '" a I.. .
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Fig. I The variations in blood concentrations of vasoactive intestinal polypeptide (VIP., secretin, human pancreatic
polvpcptide (hPPl. and glucose af'ter glucose stimulations in nine healthy suhlects exposed tO a 4-das fast I.-A
Plain w.ater (230 ml) was ingested after a 36-h fast. 18 Glucose infusion ui).6g mm for 9i) mm. 12 5% solutioni
was administered after a hO)-h fast IC A 50-g glucose tolerance test ',,as performed after an S-i-h fast "p < (( 5
and ""p < 90U7 compared wotn pre-loading values. Median values.

The plasma level returned to the pre-loading no significant change in level among day's 2. 3 and
value after 241) mm in the oral tolerance test and 4 (Table 11.
nearly to the pre-loading l,,vel after 24(0 mai in Ingestion of water did not influence the lesel
the infusion test. of secreti in plasma (Fig. 1i. The intravenous

Secrerin. The fasting plasma level of secretin glucose infusion on das 3 and the oral glucose
increased four- to five-fold during the fast, with ingestion on da,, 4 decreased the plasma level of

OL
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secretin within 45 mi. A nadir was reached after (24. 25) exert on the plasma concentration of
90-120min. and thereafter the concentration secretin in normal man. However, it is a new
increased (Fig. 1). The plasma level returned to finding that an intravenous infusion of 50g glu-

the pre-loading value after 240 min in the oral cose after 60 h of fast is followed by a substantial

tolerance test but not in the infusion test. decrease in the high plasma concentrations of VIP
Human pancreatic polypepnde. The fast and secretmn. Oral ingestion of 50 g glucose after

induced a slight inacrease in the fasting serum level 84 h of fast caused a temporary decline in the
of hPP. but no change in the levels among days plasma concentrations of VIP and secretin: this
2. 3. and 4 of the fasting period (Table I) was extends the findings of an earlier report on the
found. suppressive effect of glucose on the plasma con-

Intravenous infusion of glucose on day 3 of the centrations of VIP and secretin after starvation

fasting period was followed by a slight decrease (9). These observations indicate that the inhibi-
in serum level of hPP (Fig. ). A significant tory effect of glucose on the concentrations of
decline (p < 0.02) was obtained 45 min after VIP and secretin is not caused by the plain contaci
onset. and a nadir was found after 90 min. when of the glucose solution with the intestinal mucosa
the glucose infusion was discontinued. On glucose and suggest that the effect is a consequence of
withdrawal there was a small increase in the serum the metabolic changes that occur after glucose

level of hPP. but the serum concentration did not loading in starving man. Similar to VIP and
return to the pre-infusion level during the test secretin in our experiment. FFA declines rapidly
period. Ingestion of 230 ml of plain water on day on refeeding after starvation (11). Moreover.
2 of th, asting period did not influence the hPP Andrews et al. (9) have shown that VIP and
concentration in blood. However. oral glucose secretin do not change during starvation in obese

ingestion (50g glucose in water, volume of subjects, who are suggested to have a state of
230 ml) provoked a prompt but moderate rise in impaired fat mcbilization (27). In the present
hPP level, which peaked 45 min after ingestion study we roted a relationship between the stimu-

and returned to pre-loading after 180 mi. lated blood glucose levels and the plasma levels
Blood glucose. There was a decline in blood of VIP and secretin. The lowest concentration of

glucose level during the fasting period, with the VIP and secretin coincided with the peak level
lowest level on day 3 (Table I). The water inges- of glucose. and both the blood glucose and the
tion on day 2 did not change the blood glucose. peptide concentrations returned nearly to pre-
Intravenous infusion of glucose on day 3 caused loading values at the same time These reports

a substantial rise in blood glucose and showed a and observations lend support to the speculation
90-min peak of 15.6 mmoLl. Blood glucose that VIP and secretin have a metabolic influence

declined after interruption of the glucose infusion, in humans who are in negative caloric balance.
but the fasting level was not reached in the test The results of our study could not be caused by
period. After the oral glucose tolerance test per- nonspecific plasma artifacts. since control experi-
formed on day 4 the blood glucose showed the ments have shown that glucose exerts no influence
same profile but with some lower levels than after on the radioimmunoassay measurements of VIP

the intravenous glucose infusion done on da, 3. (21) and secretin (22). Nor should the glucose
effects be attributed to hyperosmolarity of the

DISCUSSION ingested glucose solutions since previous control
experiments in man have shown no significant

The results of the study confirm prior reports that decline in plasma concentrations of VIP (28) and
the plasma concentrations of VIP (9. 10) and secretin (26) when stimulated by oral glucose and
secretin (9. 11) are significantly increased in starv- when the same radioimmunoassay methods for
ing man VIP (21) and secretin (22) were used. Further-

Prior data conflict with regard to what influence more, results from immunosorpton studle mdi-

oral glucose (24-26) and intravenous glucose cate that there is no interference by plasma lipo-
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lhtic products in the VIP assay iFahrenkrug. per- slight increment in the fasting level of hPP. The
sonal communication) or the secretin assay elevated levels of VIP and secretin are depressed

(Schaffalitzk) de Muckadell. unpublished). after glucose infusion and after oral glucose inges-
Our finding of high plasma concentrations of tion, which indicates some metabolic role for

secretin during fasting could not be explained b) these two peptides during fasting. HPP responds
an increase in the intraduodenal acidity. Most with a small decrease to glucose infusion and with
previous reports indicate that glscopenia does not a slight, short-lived increase in the serum con-
initiate acid secretion under physiological con- centration after oral glucose ingestion. Thus. the
ditions (29. 30. although Moore (31) has found release of hPP is not directly related to the blood
a slight acid response to reduction in blood glu- glucose level during starvation.
cose beginning at normoglycemic levels. Accord-
ing to Moore (31). the increase in acid response ACKNOWLEDGEMENTS
is hardly measurable when the fasting blood glu-
cose decreases bv about 25% from the 5 pmoli We are indebted to Liv Eliassen for excellent
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ABSTRACT

Twelve healthy subjects were exposed to a 4-day period of hard physi-

cal exercise, calorie supply deficiency, and severe sleep deprivation.

The basal acid output (BAO), the sham-feeding induced acid output

(MAOSh), and the pentagastrin stimulated acid output (MAOpg) were

measured immediately after this stress period and in a control experi-

ment performed several weeks later. The stress induced a 3-fold

increase in the median BAO, an increase (p<o.05) in the MAOSh, which,

however, was not significantly elevated when basal-subtracted.

MAOpg was unchanged. In contrast to acid, pepsin output was not

influenced by stress.

The human pancreatic polypeptide (hPP) level in serum increased 2-fold

after the stress. The integrated hPP response induced by modified

sham-feeding was higher (p=0.0 2 ) after the stress than in the control

experiment.

The results show that physical stress has separated influence on the

gastric secretion of acid and pepsin.

Key words acid, gastric; gastrin; human pancreatic polypeptide

(hPP); pepsin; sham-feeding; stress, physical.
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IN iPUDUCTIUN

Sham-feeding is a physiological procedure to test the cephalic phase

of the gastric function. It has been shown (1) that the modified

method of "chew and spit" represents an easy, safe and adequate way to

induce vagal activation of the gastric secretion. Most investigators

conclude that the acid secretion evoked by sham feeding is achieved by

the direct vagal effect upon the parietal cells, and that the contribu-

tion of gastrin is of minor importance (2,3,4). Although the duodenal

ulcer patients as a group secrete more gastric acid basally than

healthy subjects (5,6,7), and the secretogenic capacity of the vagus

is increased (8), there are conflicting data as to whether the acid

response to modified sham-feeding differs in duodenal ulcer patients

and normals (9,10).

Peptic ulcer disease has been considered to be influenced by stress.

We have previously reported on basal hypersecretion of acid in man

after having completed a 5-day period of physical stress (11). In

that study, the blood level of gastrin was unchanged (11), while in

another similar study the fasting and the stimulated serum levels of

hPP were highly elevated (12). Several lines of evidence indicate

that the serum level of hPP is dependent on a cholinergic vagal mecha-

nism (13,14,15), and enhanced by cephalic vagal stimulation

(3,16,17,18).

In general, the gastric secretion of acid and pc;sin follo.: .ih I

closely, and any dissociation of the acid and pepsin response inc -icte

/.
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an unequal stimulation or an altered sensitivity to stimulation of the

secreting cells.

The present study was done to investigate the influence of prolonged

physical stress on

1) the secretory potency of vagal and hormonal stimulation and selec-

tive effects on acid and pepsin secretion,

2) the release of gastrointestinal hormones after vagal stimulation.

MATERIALS AND METHODS

The subjects and the training course

Twelve military cadets (between 20 and 30 years of age) participated in

a 4-day training course as a part of their training program. They

were in excellent mental and physical condition with no history of

gastrointestinal disease. The design of the training course was

nearly the same as that previously described (11). The subjects were

exposed to continuous, heavy exercise especially for the first three

days of the training course. Due to continuous simulated combat acti-

vities, the subjects had only 2-4 hours of total sleep during the

course.

The daily food intake varied on the different days of the coirse. 1ie
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subjects consumed k-ration (10 000 kJ) on the first day, a warm meal

(3500 U) in the evening of the second day, slices of bread (2500 kJ)

and half a cooked chicken (4400 kJ) on the third day, and a warm meal

(3500 kJ) on the fourth day. As a consequence of the heavy physical

exercise, the subjects were calorie deprived and showed a medium

weight loss of 2.6 (1.5-3.5) kg during the course.

Conclusively, the multifactorial physical stress consisted of pro-

longed and heavy physical exercise, calorie supply deficiency and

severe sleep deprivation.

Test procedures

In the morning of the fifth day of the course, after fasting for 12

hours and being abstinent from water for at least 3 hours, the sub-

jects were taken out of the training course and immediately

transported to laboratories of gastroenterology for gastric tests.

The control experiments were performed in the same laboratories

several weeks later when the subjects had only foregoing school acti-i

vities. A Levine tube was positioned under fluoroscopic control, and

intermittent suction was applied. The stomach was thoroughly emptied,

and the aspirate discarded. The gastric secretion of acid and pepsin

were measured during three consecutive hours; one hour unstimulated,

one hour during modified sham-feeding, and one hour after pentagastrin

stimulation. In the period of basal secretion and in the period of

modified sham-feeding, the gastric test was performed by instillation



96

(19). This procedure allows a much more reliable estimation of the

pepsin release, the so called "non-active" pepsin secretion (20).

Every 10 min period 200 ml of a weak acid solution (0.005 M HCI) con-

taining polyethylenglycol (PEG, KW 4000) 2 g/k and 0.9% NaCi was

instillated into the stomach during I min, was kept there for 5 min,

before being aspirated during the last 3J min of the period. The

volume of gastric aspirate from each 10-nin period was read to the

nearest ml. The acid concentration of the aspirate was estimated by

titration to pH 7.4 using an automatic titrator and pH meter

(Autoburette, Copenhagen, Denmark).

The concentration of PEG was read spectrofotometrically, and the per

cent recovery of PEG calculated. The pepsin concentration was measured

by the human hamoglobin method described by Berstad (21). Acid and

pepsin outputs were calculated from the aspirate quantities corrected

for incomplete recovery according to the PEG values and for the amount

of acid instillated.

After a 60 min basal period, the subjects were served appetizing sli-

ces of bread. The food was continuously tasted, chewed and spat out

curing 10 min. Only small amounts of swallowed food particles were

found in the gastric aspirate.

For comparison, the sham-feeding period was followed by a period of

maximal acid stimulation induced by intramuscular injection of pen-

tagastrin (6big/kg body weight). During this period, the rastric
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aspirate was continuously collected in six 10 min fractions without

instillation of solution.

Blood samples were drawn every 10 min in the basal period and every S

min for the first 30 min, whereas every 10 min for the last 30 min in

the period of modified sham-feeding. Unfortunately, we were unable to

obtain blood from one of the subjects. Blood for gastrin was

collected in glass tubes containing EDTA, whereas blood for serum was

allowed to clot before centrifugation. Aliquots of plasma and serum

were stored at -20 C. Radioimmunoassays were employed for measure-

ments of hPP (22) and gastrin (Cambridge Nuclear). The gastrin assay

had a sensitivity of 5 pg/ml, and a cross reactivity of 100 per cent

with G-17, 29 per cent with G-34, and 0.1 per cent with secretin.

Serum glucose was determined by a hexokinase method (Boehringer,

Mannheim, FRG).

Calculations and statistics

The basal acid output (BAO) and the basal pepsin output were defined

as the sum of the acid and the pepsin outputs in the three last 10 min

periods of the basal hour, multiplied by 2 to express results in

mmol/h and mg/h, respectively. MAOsh and 1.Opg represented the sum of

the acid outputs in six consecutive 10 min periods of the sham-feeding

hour and the pentagastrin stimulated hour, respectively. Similarly,

the pepsin outputs were measured after modified sham-feeding and pen-

ta!astrin stimulation. Peak acid output (PAO) and peak pepsin outyut

to pentagastrin stimulation were defined as the sum of the two hig! st
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consecutive 10 min outputs of acid and pepsin, respectively, multi-

plied by 3 to express results in mmol/h.

The integrated response of human pancreatic polypeptide (hPP) after

modified sham-feeding was calculated by trapez-integration from zero

to the 15 min sample, with the basal concentration (median of the

three last values in the basal period) subtracted.

The results were given as median with the interquartile range. Signi-

ficance of differences was evaluated by the Wilcoxon's signed-rank

test. p<0.05 was considered statistically significant.

RESULTS

The basal gastric acid secretion

The subjects showed a 3-fold increase in the basal acid output after

the stress period, when compared to the control experiment (Fig I).

The increase wps especially significant for the last 40 min of the

test period when a plateau phase for the basal acid output was

observed (Fig 2). The BA<'PAO ratio increased significantly (p<.Ol)

from 10.5(2.8-17.9) per cer In the control experiment to

22.9(17.2-36.4) per cent in the stress experiment (Fig 3).
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The sham-feeding induced gastric acid secretion

The acid output induced by the modified sham-feeding (MAO sh) measured

over one hour (Fig 1) or in 10 min periods (Fig 2) were higher after

the stress period than in the control experiment. However, the higher

MAOsh was mostly due to an increase in the basal acid output (LAO)

since the basal-subtracted response (MAO sh-BAO, not shown) and the

MAOsh-BAO ratio (Fig 3) did not change after the stress period.

PAO

The maximal gastric acid secretion

The gastric acid secretion stimulated by pentagastrin (MAO P) showed no

change after a period of stress (Fig 1).

Pepsin output

The prolonged period of physical stress did not influence the

"non-active" pepsin secretion in the basal period or the pepsin outyut

after mor'' ed sham-feeding (Figs 1 and 2). Neither %as the pepsin

secretion after pentagastrin stimulation affected by stress (Fig. 1).

Homones

The basal serum level of hPP was about 2-fold increased after the

stress period (Table I). Modified sham-feeding induced a rapid, but

modest rise in the serrn level of hPP, and a peak was usually reached

within the first 15 min (Fig 4). However, t:iere was a marked

variation in the response from one subject to another (Fig. 4). 7ne
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integrated hPP response for the first 15 i ;in after modified sham-

feeding was significantly higher (p = 0.02) after the stress period when

compared to the control experiment.

There was a tendency towards lower basal plasma levels of gastrin

after the stress period, but the difference was not statistically

significant (Table I). M. dified sham-feeding induced no significant

change in the plasma level of gastrin either in the stress experiment

or in the control experiment (Table I).

The fasting blood glucose level was not changed after the stress

4 period, and the level was not altered after modified sham-feeding

(Table I).

DISCUSSION

The results of this study confirmed our previous report (11) that the

basal acid output (BAO) was 3 fold increased in man when exposed to a

prolonged period of physical stress. The increase could not be due to

a higher acid secretory capacity since the maximal acid output (MIAOp)

or the peak acid output (PAO) were not changed after the stress

period. The finding of an increase in the BAO/PAO ratio indicaLs

either that a higher fraction of the parietal cell mass is active, or

that more acid per parietal cell is secreted basally after a 1 r'

period of physical stress. The increase in RAO can not be
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the gastrin hormone, since the circulating level of that hormone was

not changed after the stress period. BAO is at least partially a func-

tion of the basal vagal activity (9,10), and the augmented BAO after

stress could be explained by an increase in the vagal drive or by a

specific hyper-sensitivity of the parietal cells, non-vagally

mediated. The acid output induced by modified sham-feeding appears to

be solely mediated through the vagal nerve (2,3,4), and sham-feeding

has been considered a reliable test for evaluating the completeness of

vagotomy (23,24). In our study, the acid output induced by the

modified sham-feeding (MAOsh) was increased, but the higher

MAOsh could be ascribed to the enhanced BAO after stress, since the

basal-subtracted response MAOsh-BAO was unchanged. In contrast to the

augmented acid response, the pepsin output was not influenced by the

stress either in the basal period, in the sham-feeding period, or in

the pentagastrin stimulated period (Fig 1). Pepsin data have pre-

viously show, vast variations. Interestingly, there was a small

distribution of pepsin outputs in the present study (Fig 2), so the

pepsin secretion data appears most reliable. There is reason to

suggest that the instillation technique a a better method for

obtaining stable pepsin values.

The dissociation of the acid and pepsin response makes us suggest that

the stress-induced gastric hypersecretion of acid is mediated through

other pathways or other mechanisms than those affecting the pepsin

release. The dissociation in the acid and pepsin response might be

the result of heterogenous vagal activity, indicating that the vagal
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influence of the parietal and the chief cells are conducted through

different fibres or by different mediators.

In accordance with our previous finding (12,25), the fasting serum

level of hPP was 2-fold increased after the stress. This increment

was not caused by hypoglycemia since the fasting blood glucose was

unchanged. hPP secretion has been proposed as an indicator of vagal

tone (26). Our results of elevated hPP levels in the basal period

after stress is therefore most likely caused by hyperactivity of the

vagal nerve. This indicates that the vagus is triggered by the stress

situation, and makes it more probable that also the parietal cells are

influenced by the change in vagal activity. However, the effect

appears different on the secretion of acid and pepsin.

The hPP response to modified sham-feeding was modest and varying,

especially in the control experiment where the median hPP level after

cephalic stimulation was not different from that in the basal period

(Table I, Fig 4). It has been shown (3) that the hPP response to

modified sham-feeding is closely related to the duration of the cepha-

lic stimulation. Modified sham-feeding for 15 min appears necessary

to get an increase in the serum hPP response (3). The short period of

10 min modified sham-feeding in our study may therefore explain the

smaller hPP response than previously reported by others (3,16,17).

Interestingly, the hPP response for the first 15 min period after

modified sham-feeding was higher (p - 0.02) after stress than in the

control experiment. This might indicate some hyperreactivity of the

vagal nerve when excitated by the modified sham-feeding during stress.
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The fasting gastrin level in plasma was unchanged after the stress

period, in accordance with previous similar studies (11,12). In

contrast to some authors (27,28,29), while in agreement with others

(2,3,4), we observed no change of the gastrin level in plasma during

modified sham-feeding either in the control experiment, or in the

stress experiment. The results indicate a doubtful contribution of

gastrin to the secretion of acid induced by modified sham-feeding

after stress. Our results do not necessarily disagree with those of

Feldman et al. (30) who found that the release of gastrin after

modified sham-feeding was significant when the intragastric pH was kept

at 5.0. Acidification to pH 2.5 abolished the gastrin response, and

in our study the intragastric acidity, was kept lower than at pH 2.6.

In conclusion, the results of the present study indicate that the

hypersecretion of acid after a period of physical stress in man must

be mediated through other mechanisms or pathways than those affecting

the pepsin release which is not influenced by stress. Though the sti-

mulation of hPP after modified sham-feeding is modest and varying, the

integrated response is higher than normally after physical stress.
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LEGENDS TO FIGURES AND TABLE

Figure I The outputs of gastric acid and pepsin basally, after

modified sham-feeding, and after pentagastrin stimulation.

The experiments were performed after having finished a

4-day period of physical stress (hatched column), and in a

control experiment (open column). Median values and

interquartile range.

* p<0.05 compared to the control experiment

* * p<0.01 ccmpared to the control experiment

Figure 2 The outputs of acid and pepsin basally and after modified

sham-feeding given as 10 min periods. The experiments

were performed after having finished a 4-day period of

physical stress (- ), and in a control experiment ----

Median values. The vertical bars show the interquartile

range.

* p<0.05 compared to the control experiment

** p<O.005 compared to the control experiment

Figure 3 Individual results of the basal acid output (BAO), the

modified sham-feeding induced acid output (MAOsh), and the

MAOS h-BAO expressed as a ratio of peak acid output (PAO)

measured in man (n-12) after having finished a 4-day

period of physical stress (closed circles), and in a

control experiment (open circles). Median values as hori-

zontal lines.



105

Figure 4 Individual serum levels of human pancreatic polypeptide

(hPP) measured in man (n-11) before and after a 10 min

period of modified sham-feeding. The experiments were

performed after a 4-day stress period (stress), and in a

control study (control).

Right:

The integrated hPP response during the first 15 min after

starting modified sham-feeding. Hatched column shows the

stress experiment, open column the control experiment.

* p = 0.02 compared to the control experiment

Table I The plasma level of gastrin (pg/ml) and the serum levels

of hPP(pmol/1) and glucose (mmol/1) before and after a 10

min period of modified sham-feeding which was started at

time zero (0). The levels were measured in man (n-11)

immediatley after having finished a 4-day period of physi-

cal stress (stress), and in a control experiment

(control). Median values and interquartile range.

* p<O.05 compared to control

** p<0.O1 compared to control
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